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ABSTRACT
People spend most of their life in buildings, be it homes, work places,
education facilities or entertainment centers. Buildings as such represent a
large economical investment and have significant impacts on our lives and
performance. With the presence of challenges such as the rise in greenhouse
gases emissions, global warming, resource depletion…..etc., buildings’
designers should have future visions and innovative solutions. Designing
sustainable/green buildings will be an indispensible alternative in the
construction industry. However, investors in developing economies might
overlook all considerations except their profit. Thus, this research aims at
promoting green construction in Egypt by showing the savings and economic
benefits that investors could harvest. Ideally, green building design should
have aims to meet a customized design for each building based on its location,
surrounding weather conditions, required performance, environmental
contribution and owner’s preferences.
This research introduces a framework for green buildings design to
support planners in choosing optimum customized building envelope designs
(orientation, walls, windows and roof) with the least possible costs over the
building lifetime. The proposed framework uniquely focused on using
sustainable approaches (material efficiency, indoor quality, energy efficiency,
passive solar design and natural illumination) to meet least life-cycle costs.
Moreover, it introduces four modules to reach this goal: (1) interactive
database to include system setup information and owners preferences; (2)
systems builder to form different systems components; (3) systems assessment
IV

that includes thermal, energy demand, daylighting and cost assessments of
built systems; and(4) optimization engine to link the three modules and reach
all requirements with least life-cycle costs. A friendly prototype (Easy Design
Integrated Tool- EDIT) is introduced based on the proposed framework. It
represents a comprehensive and easy application tool that advises the
optimum design for each facade wall, window, roof and building orientation.
A medium size residential building case study was implemented using the
(EDIT) model. The (EDIT) output advises orienting the building towards the
North with the use of high thermal insulation (rice straw blanket) for the
building envelope walls and roof. A comparative analysis of this case study is
introduced between the green design results and alternate design of least
initial costs. Although the (EDIT) green design shows an increase in initial
investments of 5.4%, the life-cycle costs produces savings reaching 16.3%,
and energy savings of 49% annually. The compounded payback period is
computed to be about 3 years. Simulation of all possible design systems
combinations is conducted to provide a global view on possible compromise
between buildings design life-cycle costs, energy costs and initial investments.
Finally, surveys are developed concerning the (EDIT) model to score its
performance in terms of its capabilities, ease of use, quality of output and
overall satisfaction. The surveys were distributed to design consultants and
investors with 5-15 years of experience in the Egyptian construction field
market. The surveys output shows high scores regarding the (EDIT) model
overall performance and proves that it can aid consultants, project managers
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and owner organizations to reach optimum building envelope systems design
that ensure sustainability approaches and operation with least possible costs.
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CHAPTER 1
Introduction

CHAPTER 1: INTRODUCTION
1.1 GENERAL BACKGROUND OF STUDY
Buildings design is mostly selected based on standard construction
techniques merely focusing on schedules and budgets only. Such techniques may
overlook long term performance, environment impairs...etc. According to the US
Environmental Protection Agency, buildings contribute markedly to the
environment degradation. Figure (1-1) shows buildings consumption of different
resources in the United States. Buildings alone use about 39% of total country’s
energy, consume 12% of the total water consumption and utilize 68% of total
electricity utilization. Moreover, they emit 38 % of total carbon dioxide emissions
(Green Buildings, 2010). Sustainability techniques in building design should be
employed without sacrificing costs or performance. Green buildings main
approach is to promote efficient use of resources, enhance indoor quality and
reduce pollution/wastes. Moreover, based on such approach sustainability
advocates confirm that green buildings offer economic, social and environment
huge benefits.(Ries et al., 2006)

Figure 1-1: Building Resources Consumption
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1.2 RESEARCH MOTIVATION
Three main aspects have contributed to the research motivation: (1) the
current environmental challenges that the world is facing, (2) the lack of
environmental awareness specifically in Egypt and neglect of sustainability
concepts, and (3) the presence of many limitations in building design research and
tools.
1) Environmental Challenges:
Significant challenges including rise in carbon emissions, global warming,
and scarcity of resources are a great threat to the planet (Intergovernmental Panel
on Climate Change, 2007). This research was firstly inspired by the question of
how to contribute to our world and face such challenges. Starting with Egypt and
attempting to promote the use of sustainable techniques in the construction
industry, would indeed serve as a constructive attempt that might lead to a better
tomorrow for our society, country and world.
2) Egyptian Lack of Environmental Awareness and Neglect of
Sustainability Concepts
The second aspect that motivated this research is that although most
developed countries are aware of the globe environmental challenges and are
adopting sustainability techniques and approaches, Egypt is still limping in such
field. Till now Egypt do not have an established buildings green rating system.
However, there are promising indicators that Egypt would consider sustainable
approaches in many of its fields since Egypt initiated the national

3

commission/council on sustainable development to serve as a coordinating
mechanism(UN Departement Of Economics and Social Affairs, 2003).Also
Egyptian green building council has been initiated in 2009 and a green rating
system called “Green Pyramid Rating System” is being under consideration
(Egyptian Green Building Council, 2011). Although on national and governmental
level there are few efforts to promote sustainability in Egypt, the private sector
still lacks the awareness regarding sustainable approaches and neglects the
learning of its main principles. Thus, most of designers and investors in Egypt
disregard green building design and conceive it as waste of time and money.
Ignorance of green designs main principles has made engineers and investors fear
their

adoption(Shafik,

2009).Green/sustainable

perspective

is

financially,

environmentally and socially rewarding if only been presented and integrated to
systems in use (Ries at al., 2006).
3) Limitations of Buildings Design Research and Tools
The third aspect is that most of available building design studies have
limitations. Most of which concentrate on studying or analyzing single parameters
of buildings such as: costs, time or quality and disregard others. Moreover,
important parameters as environmental aspects (less carbon foot print, energy
savings…etc.) are usually overlooked. In addition to that, many studies have been
dedicated to studying single elements of buildings as walls only ignoring the
integration effect of other elements as windows, ceilings…etc. On the other hand,
many design tools/programs have attempted to address such limitations and tried
to integrate between different parameters as well as considering all building
elements. However, they are received by professionals as being complex and
4

demanding since large amounts of information and detailed design which are
usually not available at first design stages is required for their operation (Mckay,
2007).

1.3 RESEARCH OBJECTIVES AND SCOPE
This research is dedicated to promoting green/sustainable building design in
Egypt. An easy comprehensive framework is proposed to be adopted for buildings
envelope design with least possible costs. A generic model is developed based on
the framework to prove its applicability and comprehensiveness. Detailed
objectives of this research are:
1. Investigate sustainability and its development and used green approaches
in construction industry.
2. Establish a methodology to analyze building systems performance based
on green approaches including indoor quality, energy efficiency

and

daylight indication
3. Develop a framework to integrate between different construction elements
systems (walls, windows, and roof) and evaluate their performance with
respect to building orientation and some parameters as energy
consumption, costs and daylighting.
4. Develop a generic model for green building that provides an optimum
green building envelope design. The model should respect some user
design preferences. Also it should have room for storing different
construction elements data and be able to retrieve their relative information

5

for assessing the design thermal, cost, energy and daylight performance.
The model should utilize optimization technique to select best design with
least life-cycle costs.
5. Verify and validate the model.
This research essentially provides a unique framework to select buildings
design in Egypt while considering sustainable approaches as: indoor quality,
energy efficiency, passive solar design and daylight measures without ignoring
costs.
The research scope is shown in Figure (1-2). The figure shows that the process
is achieved through the formulation of a building optimum design that is based
upon two levels. The first one is the building level which depicts the optimum
orientation of the building from eight different orientations. The second level is
the systems level which depicts the best walls and windows systems composition
for each of the four facades of the building and roof systems. The optimum design
is based upon green considerations as energy efficiency, thermal comfort, passive
solar design, daylighting and others as user preferences and costs.
The research could be of great importance to consultants, architects, project
managers, environmentalists, investors and owner organizations to make
appropriate decision during the first stages of design that ensure sustainability of
their buildings with least cost and optimum performance.
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Walls
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Energy Savings
Thermal Comfort
Passive solar design
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Daylight
User preferences,,,

Figure 1-2: Scope of Work

Green
Building

Traditional
Building

Optimum Design

1.4 RESEARCH METHODOLOGY
The approach employed in this research to reach the above mentioned objectives
was as follows:
1- Conduct an extensive literature review on sustainability, its development and
approaches used in green buildings and their systems performances/analysis.
2- Develop a construction material database including technical, thermal, and
cost data of individual construction elements. This database is actively linked
to another database that builds different construction systems alternatives.
Climatic data is gathered about Egypt from reputable organizations, and field
data about Egypt’s different resources and their costs through construction and
local market investigation are gathered. Moreover, thermal indoor assessment
mathematical model of different systems and weather conditions are used to
analyze consequent needed energy demand of each system alternative.
3- Develop a prototype for an integrated framework that incorporates building
level and systems level with various design alternatives and building
orientations. Optimum design would be based on least life-cycle costs
considering thermal performance analysis,

energy demand, daylight

assessment and user preferences.
4- Apply a case study to the proposed model and check system correctness of
information through solved examples. Surveys distributed to consultants and
investors concerning the model would also be used to prove the model ease of
use, quality of output, comprehensiveness and overall satisfaction.
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Figure (1-3) presents a summary chart that shows the methodology of
achieving each and every research objectives.

Investigate sustainability, its
development & used green
approaches in construction
industry

• Extensive research review on sustainability and
its development and approaches used in green
buildings

Establish methodology to
analyze green building systems
performance

• Extensive research review on green building
systems performance & analysis

Develop framework to
integrate construction element
systems and evaluate their
performance w.r.t. energy
consumption, costs and
daylighting

• Develop database of : construction materials,
location, costs & building info.
• Build systems alternatives
• Use thermal indoor assessment to analyze energy
demand

Develop generic model to
provide an optimum green
building design

Verify & validate model

• Develop a prototype
• Optimum green design based on least available
LCC alternative

• Use solved example and surveys.for validation &
verification

Figure 1-3: Summary of Research Objectives and Methodology
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1.5 ORGANIZATION OF CHAPTERS
This research will consist of five other chapters outlined as follows:
Chapter 2: Presents a review of literature regarding the history of sustainable
development and green buildings design concepts and techniques. A review on
recent research, papers and studies are conducted along with green buildings
design analysis/optimization available tools.
Chapter 3: Highlights buildings design and performance concepts through
heat transmission. It discusses major factors affecting buildings’ thermal and
daylighting conditions and the methodology used for their performance
evaluation.
Chapter 4: Presents the proposed approach and methodology used to develop
the green building design tool. The developed tool (EDIT) is fully explained.
Chapter 5: Presents a case study application to the developed model. Data are
entered and results are observed from the output interface. Model results are
discussed and further comparative and economic analyses are incorporated.
Finally, validation and verification of the model application is done using
solved examples and surveys.
Chapter 6: Offers a conclusion to the whole research and work. The
conclusion is drawn from results of case study and validation process. Further
recommendations for future research and work continuation are high
lightened.
.
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CHAPTER 2
Literature Review
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CHAPTER 2: LITERATURE REVIEW
This Chapter will cover a comprehensive literature review on
sustainability and its development. It further discusses green building concepts
and their analysis approaches. A review on recent studies and available tools on
buildings sustainable designs is also covered.

2.1 INTRODUCTION
Sustainability is now considered a way of thinking. It is almost entering all
fields of life. It aims at serving the next generations a day that is at least as good
as today if not better. Sustainability nowadays has been an inevitable choice in
life. However, its evolvement took some time to reach the place it reached today.
Primarily, many historic buildings included sustainable features that responded to
the adhering climate and site layout, examples of which are the Giza pyramids in
Egypt (Egyptian Green Building Council, 2011). However, such ancient designs
were conducted before the evolvement of the term “sustainable/green”. The term
“Sustainability” started to evolve in the mid 1950’s. It started growing more in
1970’s with the Stockholm conference in 1972(History of Sustainability, 2010).
Through Stockholm conference many countries expressed their concern about the
environmental challenges that evolved with the huge industrial development back
then. The concept of "sustainable development" was born as a mean to achieve
people needs without sacrificing the capacity to sustain life. The conference raised
awareness of global environmental problems, and the necessity of application of
“sustainable development” concepts (History of Sustainability, 2010). After then,
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many efforts were made regarding sustainability and its approaches but no
organized agenda or protocol was developed.
In 1992, the importance of sustainability has developed at the United Nations
(UN) conference on environment and development in Rio de Janeiro-Brazil. It
produced a major action agenda called agenda 22 on sustainable development
with great emphasis on the construction industry. Agenda 22 mainly included the
following aspects (Bunz et al., 2006):
1. Regulation of energy-efficient design principles;
2. International information exchange of construction related aspects to the
environment;
3. The promotion for use of efficient materials;
4. Methods to encourage and facilitate recycling and reuse of building
materials
5. Financial penalties to discourage the use of materials that damage the
environment, and
6. Encouraging the use of “clean technologies”.
These aspects constitute the foundation for many international sustainable design
guidelines and green buildings rating systems such as the “Leadership in Energy
and Environmental Design “LEED” or “Green Star”, which are considered as the
most recognized systems for delivering green buildings (Bunz et al., 2006). In
1997, another important protocol was developed by the United Nations which is
the Kyoto Protocol. It mainly targets the reduction of the greenhouse gases (GHG)
emissions which are mostly associated with resources extraction, production and

13

consumption. The GHG emissions have caused marked raise in temperature. The
seriousness of this matter appears in the forecast of the Intergovernmental Panel
on Climate Change that an average global rise in temperature of 1.4°C to 5.8°C is
predicted between 1990 and 2100(Intergovernmental Panel on Climate Change,
2007). The Kyoto Protocol bounds countries to reduce their GHG emissions by
5.2% of their 1990 baseline from 2008 to 2012 period. From 1997 till 2010,
hundreds of conferences have been taking place for the sake of discussing the
Kyoto Protocol, Agenda 22 and the fierce regulations that should be maintained
by all countries in the world. Till now, there are no strong penalty regulations if
agenda 22 is not maintained by any country or industry.

2.2 APPROACHES TO GREEN BUILDING CONCEPTS
Most developed countries as the United States of America, United
Kingdom and Australia have developed rating systems for buildings sustainability
which are the LEED, UKGBC and Green Star, respectively. Till now, the
Egyptian green building council did not initiate their own rating system although
there are promising indicators that they will establish one very soon. Green
buildings design can be achieved by adopting many techniques as materials’
efficiency, water efficiency, energy efficiency and indoor quality (Rinard, 2003).
This research would focus on some pillars to achieve green design which are
indoor quality, materials efficiency and energy efficiency.
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2.2.1 GOOD INDOOR QUALITY (THERMAL COMFORT AND
DAYLIGHTING)
Thermal comfort is considered a major affecting component on buildings
indoor quality. One of the main objectives of green building design is to achieve
a comfortable space for living conditions. The indoor environment influences the
comfort of the buildings users. Moreover, many studies have shown a strong link
between thermal indoor comfort and productivity(Lorsch, 1994);(Ander,
2009).However, a controversy has been initiated on the definition of thermal
comfort(Darby and White,2005).An international accepted definition developed
by ASHARE constitutes that thermal comfort is “that condition of mind which
expresses satisfaction with the thermal environment” and that it changes from
one person to another based on his region, culture, background, personal
preferences, performed activities, clothing, state of mind...etc. (ISO 7330)(Rohles, 2007).
On the other hand, good lighting is essential for visual comfort in homes
and workplaces to ensure a quality indoor condition. There is always a preference
from designers and environmentalists of daylighting to artificial lighting.
Designing to maximize daylighting is preferable in green buildings as it increases
productivity and has very low running costs (Ander,2003). The planned use of
natural light in residential buildings do not only help in improving energy
efficiency, but also contribute to less buildings operating costs by minimizing
lighting, heating, and cooling loads that could constitute from30 to 40% savings
of building's total energy use (O'conna et al., 1997). Although Indoor quality
design is difficult as it changes from one user to another, it is considered an
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indispensable green building component. Green building advocates assure that
through the use of building sustainable techniques as building materials
efficiency, energy efficiency and passive solar design techniques, good Indoor
quality could easily be attained at affordable stands(O'conna et al.,1997);(Ander,
2003);(Ander, 2009).
2.2.2 MATERIAL EFFECIENCY
Speaking globally, the world consumes about 10billion tons of engineering
materials annually (Ashby, 2009). Most materials are derived from minerals
which are of finite magnitude. With the increase in population demand, depletion
of resources at a certain stage would inevitably occur. Thus, minimizing use of
materials is a must. Resource efficiency can be accomplished by utilizing green
materials which does not necessitate being expensive. Generally speaking, green
materials should meet some of the following criteria (Froeschle, 1999):
•

Durable: Materials that are longer lasting or are comparable to
conventional products with long life expectancies

•

Locally available: Building materials, components, and systems found
locally or regionally saving energy and resources in transportation to the
project site

•

Natural, plentiful or renewable: Materials harvested from sustainably
managed sources

•

Salvaged, refurbished, or remanufactured: Includes saving a material
from disposal and renovating, repairing, restoring, or generally improving
the appearance, performance, quality, functionality, or value of a product.
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•

Reusable or recyclable: Select materials that can be easily dismantled and
reused or recycled at the end of their useful life.

•

Resource efficient manufacturing process: Products manufactured with
resource-efficient processes including reducing energy consumption,
minimizing waste and reducing greenhouse gases.

•

Recycled/recyclable product packaging: Products enclosed in recycled
content or recyclable packaging.
2.2.3 ENERGY EFFECIENCY
Due to global warming caused by emissions of greenhouse gases, all

developed countries have taken initiatives to reduce their energy use to decrease
their GHG emissions. In the United States, the construction industry alone uses
about 55 percent of national energy use and emits about 50 percent of carbon
dioxide emissions (Shorrok and Henerson, 1994). Moreover, many design
professionals claim that if energy efficiency techniques were considered at early
construction stages, they would cost much less than the actual energy expenses
(Carmody et al., 2000).The potential energy conservation could be maintained
through many means. Some of which are: designing the building insulation,
addressing the building orientation, considering the building shape and taking into
account passive solar techniques and cooling and heating loads requirements for
thermal comfort (Venables, 1994).
Needed heating/Cooling loads in terms of energy needs represent a huge
bulk of buildings’ costs. Design to minimize the heating/cooling requirements is
essential to decrease costs as well as to reduce GHG emissions (Venables, 1994).
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Incorporation of good insulated building envelope along with passive solar design
would lead to huge reductions in heating/cooling loads to achieve thermal and
indoor comfort.
PASSIVE SOLAR DESIGN

Passive solar design exploits the potential of energy savings through the
use of solar radiation to contribute to heating/cooling and daylighting needs of
buildings. Solar heat gain can average contribute to one third of total heating
needs in dwellings (Shorrok and Henerson, 1994). Moreover, passive approaches
promote the use of daylighting for illumination in an attempt to reduce lighting
energy demands. Designers and environmentalists prefer passive solar approach as
it is non-polluting and is associated with very low running costs (Froeschle,
1999).Auxiliary heating/cooling would sometimes still be needed with passive
solar designs, but it would markedly contribute to huge energy reduction. In order
to ensure incorporating passive solar design, certain considerations should be well
addressed as building orientation, building walls fabric and windows systems. For
example, buildings in countries with cold weathers should be oriented in a way to
maximize their solar heat gain. While buildings in countries with hot weathers
should be oriented in a way to minimize their solar heat gain and the building
should be further protected from overheating through the use of various types of
windows

glazing,

coatings,

overhangs

and

shading

(Goulding

et

al.,

1992);(Lebens, 1980);(Mazria, 1979).
Passive solar heating uniqueness lies in its holistic view of integrating the
building's architecture, materials selection, and mechanical ventilating systems to
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reduce heating and cooling loads. It also takes into consideration local climate
conditions, such as temperature, solar radiation and wind to create climateresponsive and energy conserving structures.
Passive solar design mainly includes the following (Mazria, 1979);(Lebens,
1980);(Goulding et al., 1992):
1.

Use of energy-conserving building envelope fabric;

2.

Address orientation issues during site planning;

3.

Specify windows glazing types (double/triple glazed, air cavity, coats…etc.);

4.

Address each building design with respect to its location and climate, and

5.

Provide natural light to almost all buildings spaces.

This research would address most all of the above mentioned passive solar design
techniques.
PASSIVE SOLAR DESIGN AND BUILDING FABRIC WALLS/
ROOF
The use of high levels of insulation to minimize energy use in buildings
envelope has proven great efficiency. Good insulation of buildings helps in
summer/winter thermal comfort conditions. In summer, good insulation helps in
reducing vastly the amount of heat gained through conduction and solar
radiations. In winter, good insulation help decrease heating demand which would
be met from internal and solar heat gains (Szokolay, 1980). Very high levels of
insulation of the building envelope fabric changes the balance of the consumption
of energy resulting in less space heating/cooling to achieve thermal comfort state,
and thus less running costs (Vale and R, 1991). Generally speaking, to ensure
having a good insulation of building, fabric designers should consider a low U19

value of walls/roof materials(Guide To Thermal Insulation and Ventilation,
1991).Different types of insulation are commercially available nowadays;
however, one should choose the type of insulation that is appropriate for the
application and try to manipulate material efficiency concepts. Table (2-1)
presents an overview of such insulations in terms of their forms, insulation
materials, applications and advantages. These are the most recent approved types
by the U.S. department of energy for their energy and material efficiency (US
Department

of

Energy-Energy

Efficiency

and

Renewable

Energy,

2009);(Diamant, 1986).Table (2-1)shows eight groups of different insulating
materials forms which are blankest, bats and rolls forms ,concrete block insulation
forms, foam board or rigid foam forms, insulation concrete forms ,loose fill forms,
reflective system forms, sprayed foam and foam in place forms and finally
structural insulated panels.

Each of such forms is identified in terms of its

available commercial insulation material types and their application.
Table 2-1:U.S. Department of Energy Suggested Insulation Types
Form
Blankets,
Bats and
Rolls
Concrete
Block
Insulation
Foam Board
or Rigid
Foam
Insulation
Concrete
Forms (ICF)
Loose Fill

Application
 Walls
 Floors

•
•
•
•

Insulation Materials
Fiberglass
Mineral wool
Plastic fibers
Natural fibers
Beads or liquid foam
(Polystyrene, Polyiso
cyanurate or polyiso
polyurethane)
Vermiculite Perlite pellets
Polystyrene
Polyiso cyanurate
polyiso polyurethane

•
•

Foam boards
Foam blocks.

 Walls

•

Cellulose

 Walls

•
•
•
•
•
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 Walls






Walls
Floors
Ceilings
Roofs

Comments
Easily done

Very high
insulation value

High
insulation
value for
relative small
thickness
High
thermal
resistance
Used in

Fiberglass
Mineral (rock or slag) wool

 Floors

Reflective System •
•
•
•

Foil-faced Kraft paper
Plastic film
Polyethylene bubbles
Cardboard.

 Walls
 Ceilings
 Floors

Sprayed Foam
and Foam in
Place

•
•
•
•

Cementious
Phenolic
Polyiso cynurate
Polyurethane.

 Walls
 Floors

Structural
Insulated Panels
(SIP)

•
•
•

Foam board
Liquid foam insulation
straw core






•
•

Walls
Ceilings
floors
Roofs

irregular
shaped areas
and if
obstructions
Used in
irregular shaped
areas and if
obstruction,
Easily done
Insulation to
existing
structures,
irregular shaped
and if
obstructions
Superior
insulation in
less time

PASSIVE SOLAR DESIGN ANDBUILDING FABRIC WINDOWS
In many cases windows constitute a major source of unwanted heat
loss/gain causing thermal discomfort. This reached the extent that in one year the
energy used in the United States alone to offset heat losses/gains through windows
in residential and commercial buildings reached 20 billion dollars (Ander, 2009).
This number constitute almost one-fourth of all the energy used for space heating
and cooling in the United States.
On the other hand, different types of windows glazing could take place and
contribute to buildings thermal resistance (Lechner, 2009). In terms of glazing
layers, there are single glazed, double glazed and triple glazed windows. Single
glazed windows have no air spaces, but they have thin air films that occur when
air comes in contact with the window’s surface. Moreover, usually double/ triple
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glazed windows are filled in between with air, even better with Argon, Krypton or
Xenon gases. These gases provide good insulation. Generally, in order to choose a
window system, four characteristics should be studied (Glazing Design Handbook
for Energy Efficiency , 1997); (McQuiston and Spitler, 1997);(John et al., 2000):
1. Window U-value
2. Window shading coefficient (SG)
3. Glass transmittance (GT)
4. Presence of coats/tints
Windows U-value represents the rate of heat flow through conduction and
radiation from building outdoor to indoor envelope. The lower the U-value the
lower the heat transferred from the high temperature medium to the lower
temperature medium. The U-value ranges from 1.3 of a typical single glazed
window to 0.2 for a high performance window(Glazing Design Handbook for
Energy Efficiency , 1997).The shading coefficient of a glazing (SG) is a ratio
between solar heat gain through a given glazing to that of clear standard single
glazed window. It indicates the amount of heat gain due to glazing system. The
glass transmittance (GT) indicates the amount of visible solar light transmitted
through the glass. Finally, the presence of coats/tints changes the characteristics
and performance of windows systems greatly. Tints are usually colorants added to
windows’ glazing to reduce the amount of heat gain. Coats, usually named “low
emissivity coats” or “Low-e coats”, are in the form of metal oxides, and are
applied to reduce the amount of heat gain while maintaining the natural
illumination. These coats lower the U-value of the system dramatically.
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2.3GREEN BUILDING LIFE-CYCLEANALYSIS APPROACH
Costs measures are indispensable analysis tool in any field. Acquisition
costs only or initial cost analysis would be deceiving in building design analysis,
since buildings have long service life. For example, Figure (2-1) Shows that
energy expenses for a commercial building in the United States consumes the
largest amount that is equal to 30% of the building total expenses over its lifetime
(Environmental Sustainability Resource Centre, 2010).In Egypt, the largest sector
that consumes energy is the residential buildings sector which alone consumes
38% as shown in Figure (2-2) (Egypt Expenses , 2010).

Figure 2-1: A Commercial Building Expenses over Service Life
(USA)
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Figure 2-2: Egyptian Energy Expenses Distribution

Buildings service life is mostly defined as “the actual time during which
the building or any of its components performs without unforeseen costs or
disruption for maintenance and repair (Mckay, 2007).Building service life cost
analysis or commonly known as building life-cycle cost analysis would be used in
this research as the primary engine to motivate investors/owner organizations to
adopt sustainable techniques. The concept of life-cycle assessment has emerged as
a consequence of meetings organized by the society of environmental toxicology
and chemistry during the period of 1991 to 1993. In 1997, a set of standards
defining the scope and goal of life-cycle assessment were issued by the
international standards organization which are (ISO 14040), (ISO 14041), (ISO
14042) and (ISO 14043) (Ashby, 2009).
The national institute of standards and technology in the US presents a full
detailed description of applying life-cycle cost analysis to buildings. The institute
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summed the life-cycle costs associated to buildings as the following (Fuller,
2009):
•

Initial costs

•

Utilities, operation, maintenance and repair costs

•

Replacement costs

•

Residual values

2.4 GREEN BUILDING STUDIES AND AVAILABLE TOOLS
Several studies have been made regarding green/sustainable buildings
design. Most of such studies present a framework or model to be adopted in order
to maintain green building features. Table (2-2) gives a summary of
research/studies reviewed on green buildings design. On the other hand, green
buildings design tools/systems are evolving every day. Design tools and systems
are those aiding mechanisms which can support designers and project managers
for better decisions regarding their green building components design.
2.4.1GREEN

BUILDING

DESIGN

OPTIMIZATION

/ANALYSIS

STUDIES:
Several researchers have been investigating green building design. Some
researchers have been focusing on assessing the benefits and impacts of using
green approaches in buildings design. For example, Srinivas, S. (2009) -a
principle counselor in the international conference on energy and environment have conducted a research on actual economic benefits that could result from
adopting green approaches in buildings in India. In his research, he monitored
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many green buildings for five consecutive years with respect to their energy
savings. The main green parameters studied were building envelope walls along
with orientation. Different buildings with different wall types and orientations
were compared together. The research objective was to assess buildings’ wall
performance with respect to adopting green techniques. The main considerations
were life-cycle costs, thermal comfort and environmental benefits. Srinivas
concluded from his research that tangible benefits of his monitored green
buildings reached 40% reduction in energy consumption and 35% reduction of
operating costs. These savings consequently contributed to less life-cycle costs.
Another research based on real case studies design performance analysis is
conducted by Ries, Bilel, Gokhan, and Needy (2006). The research focused on
quantifying benefits for a green built facility located near their university. The
main green parameters considered were windows systems. Different windows
systems were used in the facility based on their facade location and space
function. The windows were designed to assure good indoor conditions using
energy efficiency techniques and passive solar design concepts. The analysis was
based on life-cycle costs, thermal comfort and environmental benefits. The
research concluded that the facility energy usage decreased by 30% and
productivity of its employees increased by 25%. The research finalized its
discussion that the facility owner made the right decision in choosing the green
approach.
On the other hand, many studies have been conducted to serve as design
optimization engine tool for the process of decision making. Ginevieus et al.
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(2008) have developed a framework for green buildings design optimization. They
have used multi criteria decision making to reach an optimum wall insulation type
that meets least life-cycle costs and thermal comfort. They studied a case study of
a building that needed walls renovation. They included six criteria based on costs
and performance to choose the optimum walls design. Finally, they utilized multicriteria decision making method focusing on its importance of integrating more
than one needed consideration at the same time. Neilsen and Svendsen (2002)
have also used multi criteria decision making for assessing many building design
systems as envelope walls thickness, windows glazing types, roof insulation types
and used fuel type of a building. They used passive solar design techniques and
energy efficiency approaches to reach best building orientation, walls system,
windows system, and roof system along the best fuel type. They have considered
many performance qualities as life-cycle costs, energy efficiency, thermal comfort
and daylight intrusion. Furthermore, they discussed an office room case study for
design optimization showing least life-cycle cost alternatives with a sensitivity
analysis for risk measures as future energy prices fluctuations. Although multi
criteria decision making provides a more integrating approach than one parameter
assessment, they require trade-offs between importance of different parameters by
giving criteria weights that require great level of experience, accuracy and
objectivity which might be difficult to find in some designers.
Many fields of studies have been performed to optimize one building
parameter at a time. Yildiz et al. (2008) have focused their study on reaching an
optimum wall insulation thickness of a building with least life-cycle costs. Green
considerations as energy efficiency, thermal comfort and environmental
27

considerations have directed their study. Their analysis incorporated that
increasing the thickness of building walls insulation would yield less energy costs
but more acquisition costs. Thus, they formulated their problem with objective
function to choose least life-cycle costs option. Moreover, adoption of green
techniques has directed the study of Dombayci et al. (2005). Their assessed
parameters were optimum wall insulation thickness of a building and the type of
used energy. The objective of their research is to reach the least life-cycle costs
from selecting dual optimum wall insulation thickness and energy type. According
to their results, in Turkey an optimum design solution for their external walls
would be using expanded polystyrene insulating material along with coal as
energy source. Their optimum design promised savings of 14$/m2 of wall and
payback period of 1.4 years.
Another research served in the field of design optimization is conducted by
Thomas et al. (2005) in Egypt. The framework presented a platform for building
wall optimum design based on passive solar techniques. The optimum solution
was the least costing wall alternative in terms of acquisition costs. The study
focused on reaching a thermal comfort state while using least costing walls
alternative. Using finite difference model and experimental model, the research
showed the availability of many affordable green wall systems in Egypt that can
maintain the thermal comfort of building spaces.
Other fields of studies have been performed to analyze different design
systems. Huberman and Pearlmutter(2007) have investigated the effect of using
different building materials in walls systems on life-cycle costs, energy savings,
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thermal comfort and environment degradation. The study mainly was made for
areas in hot arenas or desserts. The objective of the study is to identify building
materials which optimize building energy requirements over its life-cycle. Many
design alternatives were assessed reaching 20% energy savings.
Other studies conducted by El-Mahdy (2006) and Senguptaet al. (2005)
investigated the effect of different windows systems on thermal comfort. They
mainly analyzed different windows stystem types and studied their effect on
thermal comfort state. Finally,Winkler et al. (2002) studied different designs with
different wall,windows and orientation scenarios to reach least costs and energy
use. They adopted an urban low cost housing project funded by their government.
The study showed the viability for possible savings for the government and end
users, if they used the optimum green designs advocated by their research.
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Table 2-2: Previous Efforts in Green Buildings Design Analysis/Optimization

●

●

●
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Building

Element

●

Environment
Assessment

Daylight

Thermal
Comfort

Performance

LCC

Acquisition

Orientation

Window system

Wall system

Costs

Energy
Efficiency

Analysis

Case Studies

Analysis

Optimization

Design

References
(Srinivas, 2009)

Level of
Study

Considerations

System

Parameters
Studied

Purpose of
Research

●

●

(Ginevieus et al.,
2008)

●
M

●

●

(Yildiz et al.,
2008)

●

●

●

●

●

●

●

●

●

●

●

●

●

(Huberman &
Pearlmutter, 2007)

●

(Thomas et al.,
2005)

●

●

(Dombayci et al.,
2005)

●

●

(Elmahdy, 2006)

●

(Ries et al., 2006)

(Nielsen &
Svendsen, 2002)
(Winkler et
al.,2002)

●

●

●

●

●

●
M
●

●

●

●

●

●

●

●

●

●
●

(Sengupta et al.,
2005)

●

●

●

●

●

●

●

●

●

●

●

●

M = Multi Criteria Decision Making Research●= Covered
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●

●

●

2.4.2 GREEN BUILDING DESIGN ASSESSMENT TOOLS
Green design assessment tools mostly measure or assess specific aspects of
a building with respect to sustainability goals. Green building design assessment
tools are developed by group of expertise from different fields (energy, water,
daylighting, materials, mechanical, electrical, architects…..etc.) (Mckay, 2007).
Their main aim is to provide holistic and comprehensive approaches to assess
sustainability of building designs. Examples of most used and commercially
available software are:
•

Thermal Analysis Software (developed by EDSL in Britain)

•

ESP-r analysis software (developed by Department of Mechanical
Engineering at the University of Strathclyde in Glasgow- Scotland)

•

Energy plus (Developed by the US Department of Energy)

•

Building Design Advisor (Developed by Konstantinos Papamichael at
Lawrence Berkeley National Laboratory in US)
Green sustainable analysis tools are available more than twenty years ago;

however, they are usually used by academics rather than design professionals (AlHomud, 1997). This might be accommodated, since most of such tools were not
primarily developed to be used on commercial stands, and were perceived as
being complex and expensive (Ginevieus et al., 2008) ; (Yildizet al., 2008)
;(Mckay, 2007);(Dombayci et al., 2005) ;(Thomas et al., 2005);(Nielsen and
Svendsen, 2002).
Software analysis packages main goal is to assess design performance
through simulation, but some of which give room to include more features as cost
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analysis, energy demand, sensitivity analysis…etc. However, due to the fact that
they require an enormous amount of information (rooms internal dimensions and
partitioning, interior finishing,

color of interior and exterior walls, color of

neighboring buildings, presence of furniture and accessories, wind speed,
infiltration rate, clothing used, type of used air conditioning, number of operating
hours of air-conditioning,…..etc.) which is usually not available at first design
stages, they are rarely used by professionals in the field, and are viewed as being
complex and wasting time and money. Some software packages include
optimization features; however, they are more suited for final design analysis
rather than for design optimization at first design stages.

2.5 SUMMARY AND CONCLUSION
2.5.1 SUMMARY

Discussed efforts in green building design research can be divided to their
purpose of research, parameters studied and considerations.
A-PURPOSE OF RESEARCH

Most studies conducted on green/sustainable buildings are concerned with either
green design optimization or analysis. Other studies analyze actual green
buildings performance with respect to their design.
B-PARAMETERS STUDIED

Most studies focused on one building element component at a time mostly
concentrating on walls component and characteristics (i.e. wall insulation types,
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wall dimension thickness or wall insulation thickness). Others concentrated on
windows performance only. On the other hand, multi-criteria decision making was
also utilized to integrate many parameters, however, they require parameters
trade-offs which might be subjective.
C- CONSIDERATIONS

Design considerations have focused on three elements: costs, thermal comfort and
energy efficiency. Only few studies focus on intangible benefits/costs. On the
other hand, some frameworks studied one consideration at time and other studied
dual considerations (i.e. life-cycle costs and thermal comfort). Only few studies
found their way to include more than two parameters by using multi criteria
decision making to optimize more than one parameter.
On the other hand, green design analysis tools have proven to be complex
and disregarded by many design professionals. Also, it is viewed as being more
useful in the final design stages analysis rather than design optimization at first
design stages.

2.5.2 CONCLUSION

There has been a global trend to adopt sustainable concepts in buildings
design. Concepts as indoor quality, energy efficiency techniques (fabric insulation
and passive solar design measures) enhance the performance of building and
reduce operating costs. Many proposed buildings design optimization approaches
address one building parameter and ignore building integration effect. Multi
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criteria decision making methods have incurred integration, but could be
subjective. On the other hand, green design analysis tools are reviewed by many
professionals as being very complex and hard to use and thus disregarded. Finally,
it is worth mentioning that most of researches conducted are from western
universities/associations, Middle Eastern and Arab region countries efforts in such
field could be conceived as being limited.
This research intends to build on literature findings and attempt to avoid its
limitations. It offers a framework for buildings green design optimization. The
parameters studied would be buildings envelope walls, windows, roof and
orientation considering integration effect. Green approaches would focus on
indoor quality thermal comfort and energy efficiency techniques. This framework
is intended to address economic aspects and show savings as a tool to promote
sustainability in construction management in Egypt. Furthermore, a generic model
is discussed to be used by design professionals at conceptual design phases in a
simple and comprehensive way. Finally, a case study would be applied for
discussing results and incurring risk assessment.
Next chapter is dedicated to explain buildings design and performance
concepts. It will discuss buildings’ thermal and daylighting concepts. Finally,
performance evaluation for buildings design will be addressed and explained.
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CHAPTER 3
Green Buildings Design
Concepts and Performance
Evaluation
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CHAPTER 3: GREEN BUILDINGSDESIGN CONCEPTS
AND PERFORMANCE EVALUATION
This chapter is mainly concerned with identifying the different green
buildings design concepts and considerations. Afterwards, it would introduce how
to evaluate their performance with respect to green considerations.

3.1 GREEN BUILDING DESIGN CONCEPTS
In an attempt to provide buildings with indoor thermal comfort, both
energy efficiency and passive solar design techniques (building orientation, fabric
insulation, windows glazing systems…etc.) are used. Consequently, the amount of
heating/cooling loads needed to be offset should be first calculated. Broadly
speaking, there are three main types of heat gain/loss coming through the building
envelope: heat conduction through walls/roofs, heat convection and solar radiation
through transparent surfaces (windows). The ASHRAE design book develops
means for building design load calculations.
3.1.1 HEAT GAIN/LOSS (WALLS/ROOFS)
Heat gain through walls/roof are computed through a term called “R”
(thermal resistance to conduction), R is computed as shown in equation 3-1
(McQuiston and Spitler, 1997)
d

R = kEq. 3-1

Where d is the thickness of wall/ roof layer in meter, K is the thermal conductance
of material used in (watt/m2oC) and R is the thermal resistance in (m2/oC).watt.
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Since many walls/roof system consist of many layers in series including
insulation, as in Figure (3-1), the total thermal resistance (R

overall)

would be the

sum of individual resistance of layers as shown in Equation 3-2 (McQuiston and

External Air Film (Rext.)

T2oC

Internal Air Film (Rint.)

Spitler, 1997)

R1,

R2

T1oC

R3,

Figure 3-1: Thermal Resistance of Many Layers in Series of Same element

R Overall = R ext + R1 + R 2 + R 3 + etc … . . +R int Eq. 3-2

Where Rext. is the thermal resistance to the external air film layer, R

int

is the

thermal resistance to the internal air film layer, and R1, R2, R3….are the thermal
resistance of layers of wall/roof. Another term is then calculated to involve the
thermal properties of the whole element with different layers by taking the
reciprocal of Rover

all

and express it as U-value of the wall and expressed in

(w/m20C) as shown in Equation 3-3 (McQuiston and Spitler, 1997)
U=R

1

overall

Eq. 3-3

Finally, the total heat transfer through conduction and convection of single
wall/Roof systems is as follows in Equation 3-4 (McQuiston and Spitler, 1997)
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Eq. 3-4

QWall/Roof = U. A. (∆T)

Where U is the U-value of system obtained from Equation 3-3, A is the cross
section area of element in (m2) and ΔT is the differed temperature between inside
and outside medium of element.
3.1.2 HEAT GAIN/LOSS (WINDOWS)
Heat transfer through windows glass conduction depends on glass
composition structure. Heat gain/loss of each window in a building should be first
assessed, then summation of all heat quantities gained/lost due to conduction of all
building windows is calculated. Heat gain through windows could be calculated as
in Equation 3-5 (McQuiston and Spitler, 1997)
QWindow = U . AWindow . ΔTEq. 3-5

WhereQWindow is heat gain/loss due to conduction through window glass (watt), U

is U-value of the window glass (watt/m2oC), 𝐴window is the area of window (m2)

and ΔT is different temperature between outdoor temperature and indoor
temperature(oC).
3.1.3 HEAT GAIN (SOLAR RADIATION)
The solar radiation transmitted through the windows is calculated based on
the incident direct, diffuse and reflected solar radiation on the window surface.
Equation 3-6 was introduced by the ASHARE design book (McQuiston and
Spitler, 1997).One should notice that the orientation of the windows affects
greatly the amount of solar heat gain.
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Qsolar = Aglass . SG . SHGF . CLFEq. 3-6

Where Qsolar is heat gain due to solar radiation (Watt), 𝐴𝑔𝑙𝑎𝑠𝑠 is the net glass area

(m2) , SG is shading coefficient of window glass (unit less) , SHGF is the solar

heat gain factor for that orientation (watt/m2) and CLF is cooling load factor (unit
less).
3.1.4 TOTAL HEAT GAIN/LOSS
Buildings gain/lose energy according to their envelope fabric design and
climate conditions. Usually in summer, buildings gain heat through conduction,
convection and solar radiation. In winter, buildings lose energy through
conduction and convection while gain energy from solar radiation. The total
amount of heat gained/loosed (Qtotal) in watts is as shown in Equation 3-7, a
positive sign is used if amount of heat is gained (+Q) and negative (-Q) if amount
of heat is lost.
𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝑊𝑎𝑙𝑙+ 𝑄𝑅𝑜𝑜𝑓+ 𝑄𝑊𝑖𝑛𝑑𝑜𝑤+ 𝑄𝑠𝑜𝑙𝑎𝑟

Eq. 3-7

From the above equation, the amount of building envelope heat gain/loss can be
computed. Consequently, the amount of energy demand that is needed to offset
such amounts can be concluded. The total amount of buildings heat gain/loss
depends on four factors:
1- Each facade orientation
2- Wall composition system (materials)
3- Roof composition system (materials)
4- Glazing system (materials)
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If those factors could be assessed and manipulated through the investigated
sustainable techniques, reaching thermal comfort with reductions in energy
demand would surely be achieved.
3.1.5 ENERGY DEMAND
Energy demand depends on the amount of load needed to offset/add heat
to the space. After calculating the total Q needed in summer and winter, the
amount of energy required for heating/cooling would be easily concluded.
However, the efficiency of the used mechanical system would alter the amount of
energy required. Therefore, required energy demand (watt) can be calculated as
seen in Equation3-8(Haines and Wilson, 1998).
𝐸𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 =

𝑄𝑡𝑜𝑡𝑎𝑙

Eq. 3-8

𝐶.𝑂.𝑃

Where 𝑄𝑡𝑜𝑡𝑎𝑙 is the total amount of heat gained/loss (Qtotal) in watts calculated in
Equation 3-7, C.O.P is the coefficient of performance of cooling/Heating system

depends on function needed and season of operation. The C.O.P is similar to the
definition of efficiency, as it represents the amount of load moved or obtained to
the energy required for it. The actual C.O.P values range from four to six (Haines
and Wilson, 1998). In Egypt, most of energy depends on electricity. Thus, energy
demand in this research conveys the amount of electricity needed for
consumption.
3.1.6 LIFE-CYCLE COSTS
Cost is one of the most important factors in building design. Life-cycle
costs include initial, operation, maintenance, repair, replacement, disposal and
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non-tangible costs. Although disposal and non-tangible costs constitute marked
importance to buildings analysis, however, they are not included in the scope of
this research. In this research, life-cycle costs are calculated based upon: initial,
operation, maintenance, repair and replacement costs. Maintenance, repair,
operation and replacement costs are all discounted as present value to be added to
the initial investment to represent the overall life-cycle costs of the building.
Equation 3-9 is used to present the operating costs (energy demand costs) which is
considered as the electricity consumption costs per year (Nielsen and Svendsen,
2002)
E= Σ (Energy Demand . h. E.Price )

Eq. 3-9

Where E is the calculated electricity costs per year(EGP /year), energy demand is
calculated from Equation 3-8, h is number of hours of operating cooling/heating
system per month (hr), E.Price is the price of 1kw.hr per month consumption of

electricity (EGP/kw.hr). Electricity costs per year are the summation of energy
demand, operating hours and E.Pricealong the 12 months of the year. Electricity

prices in Egypt vary from consumption to another. Table (3- 1) presents electricity
prices per kW hr. consumption per month for the year 2010. As noticed six levels
of consumption are introduced with varying prices, where the more the
consumption the more the electricity price per demand is. Table (3-1) is extracted
from the Egyptian ministry of electricity and Energy official annual
report(Egyptian Electricity Holding Annual Report, 2011).
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Table 3-1: Electricity Prices in EGYPT per Month

Electricity Costs
Level of
consumption

Min-max. consumption per month

1
2
3
4
5
6

Min (kwh)

Max (kwh)

0
50
200
350
650
1000

50.00
200.00
350.00
650.00
1000.00
1,000,000.00

E.Price

EGP/kwh/month
0.05
0.11
0.16
0.24
0.3
0.48

Present worth of annual costs can be projected and calculated using Equation 310(Sullivan, 2006).
(1+i)n −1

PV = (E + M) � i(1+ i)n � +RC

Eq. 3-10

Where E is calculated from Equation.3-9, M is annual maintenance and repair
costs of the building, I is market interest rate from Equation 3-11, and n is the
lifetime of the building service years (yrs.) and RC is the present worth of
replacements cost from Equation 3-12 and i is market interest rate calculated in
Equation 3-11
Market interest rate is calculated as follows (Sullivan, 2006)
i= i\(1+f) +f

Eq. 3-11

where i is market interest rate that combines earning power and purchasing power
of money (inflation rate), i\ is real interest rate (inflation free interest rate)(%) and
f is general inflation rate (%). Real interest rate and general inflation rate can be
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obtained from Egyptian central agency for public mobilization and statistics(Price
Indices, 2010)

RC= ∑𝑛𝑗=1

(𝑓𝑢𝑡𝑢𝑟𝑒 𝑝𝑎𝑦𝑒𝑚𝑒𝑛𝑡𝑠)𝑗
(1+𝑖)𝑗

Eq. 3-12

Where RC is net present value of replacement costs by using market interest rate
(i) , future payments are replacement costs presented by series of future payments
and n is the lifetime of the building service years (yrs.), j is the year where
replacement is materialized which is lifetime of system or its duplicates along the
study time.
Finally Total LCC is calculated as in Equation 3-13
LCC = I. Cwalls−system + I. CRoof−system + I. CWindows−system + PV Eq. 3-13

Where LCC is the life-cycle cost of the building design chosen (LE),
I. Cwalls−system is the initial cost of walls system including the four walls
orientation

(LE),

I. CRoof−system

is

the

Initial

cost

of

roof

system

(LE),I. CWindows−system is the Initial cost of windows system including the four
windows orientation (LE) and PV is the present value of annual costs.
3.1.7 DAYLIGHTING
The main source of daylight is the sun. Direct sunlight and scattered sun
energy are the main constituents of the amount of natural illumination received on
earth (Pitchard, 1995). Usually, daylighting is assessed based on the daylight
factor which depends on three components; sky component, externally reflected
component and internally reflected component. Although the daylight factor
method is widely used, however, it neglects the direct sunlight component which
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is a major contributor in clear sky conditions which is almost the case in Egypt.
Fikry, A., proposed a method to be used in clear sky conditions in Egypt. He
proposed a natural illumination law for computing the amount of daylight
protruding a building through windows. Natural illumination Law is used as
shown in Equation 3-14(Fikry, 2006)
NI = I . VF . A%glass . GT . MFEq. 3-14

Where, NI is natural illumination

at reference, I is illumination at window plane, VF is view factor dependent on
window glass to floor area , A% glass is percentage of net glass of window, GT is
glass transmission and MF is maintenance factor that depends on glass cleanliness
and inclination of window. NI is expressed in units of LUX.

3.2 GREEN BUILDING PERFORMANCE EVALUATION
3.2.1 THERMAL COMFORT
The thermal indoor requirement influences the thermal comfort of the
occupants of the building and consequently affects their productivity (Nielsen and
Svendsen, 2002). Different working conditions require different thermal indoor
environment to avoid discomfort. Some codes as the Danish code applies a
maximum temperature limit of 26oC to ensure thermal indoor comfort. In this
research, the owner decides upon his preferred comfort indoor temperature that
the design would be built upon, since thermal comfort is a mind state that differs
from one person to another as defined by ASHRAE. The thermal performance is
based on monthly bases where the amount of needed heating/cooling loads to
reach a desired room temperature is calculated. The amount of needed loads is
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Qtotal received from Equation 3-7 which depends on the difference between

acquired temperatures in outdoor conditions and preferred indoor temperature that

would sustain a thermal comfort for the users. Thus, acknowledgement of climate
conditions of building location is a necessity in thermal comfort design.
3.2.2ENERGY DEMAND
Energy demand depends on the amount of needed load to offset/add heat
to the space. From Equation 3-8 and depending on building location and climate
conditions, energy needed for heating/cooling could be derived (Haines and
Wilson, 1998).
3.2.3DAYLIGHTING LEVEL
Although the eye adapts its self to the maintained level of illumination,
minimum amount of illuminance is required for visual comfort as shown in Table
(3-2)(Pitchard, 1995)
Table 3-2: Standard Illumination Levels
Location

Illumination (LUX)

Entrance halls

150

Stairs

150

Passage ways

30

Outdoor entrance

30

General Living Room

50

Casual reading

150

Studies

300

Kitchen

300

Bedroom

50
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From Table (3-2), a daylighting index based upon standard values that rates the
natural illumination of a building from very weak to excellent daylighting can be
used for performance evaluation as shown in Table (3-3).
Table 3-3: Rating of Daylighting Index
Minimum

Maximum

0
50
100
150

50
100
150
300

Daylighting
Index (DI)
1
2
3
4

Index representation
Weak daylighting
Fair daylighting
Good daylighting
Excellent daylighting

3.2.4LIFE-CYCLE COSTS
This research objective is to promote green buildings design based upon
financial benefits. A building life-cycle cost can vary from one design to another.
Thus, analysis of buildings design should take place with emphasis on costs
measures. In this research, the proposed building system should maintain the least
life-cycle costs. A problem can be formulated as shown in Table (3-4). The
objective of the green building design is to reach the least life-cycle costs. The
variables are building envelope systems along with orientation i.e. (walls
composition system in each facade, windows glazing system in each facade, roof
composition system and Orientation)
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Table 3-4: Summary of Problem Formulation
Objective Function: Minimize LCC
-Variables: (Building orientation, wall composition System in each orientation facade,
windows glazing system in each orientation facade, roof composition system)
-Constrains: Indoor summer and winter preferred temperatures and minimum preferred
daylighting level

3.3 SUMMARY
This chapter was dedicated to explain buildings design and performance
concepts. It has studied the concepts of buildings heat gain/loss due to external
weather conditions and solar radiation. The parameters assessed are:
(1)Walls
(2) Windows
(3) Roof
The chapter has further studied the concepts of buildings energy demand, lifecycle costs and daylighting protrusion. Based on above concepts, design
performance analysis and optimization was discussed and included the following:
(1) Energy Demand
(2) Daylight Level
(3) Life-cycle Costs
Next chapter will present the proposed technique/framework to be used to
reach affordable green/sustainable building design. It will further illustrate the
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methodology used in developing this technique. Moreover, it will discuss the
development of the prototype model (EDIT) showing its input, output, data
processing and validation.

48

CHAPTER 4
Proposed Framework and Easy
Design Integrated Tool (EDIT)
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CHAPTER 4: PROPOSED FRAMEWORK AND EASY DESIGN
INTEGRATED TOOL (EDIT)
This chapter is sub-categorized into three sections: (1) the proposed
framework which clearly states the approach and techniques used for building
design, (2) the implementation of the framework to the prototype model (EDIT)
and (3) extracts from (EDIT) model interfaces.

4.1 PROPOSED FRAMEWORK
Figure (4-1) shows the framework proposed to reach an optimum green
building design. The proposed framework consists of four main modules which
represent the body of the process: Interactive database, systems builder, systems
assessment and optimization engine. The modules work on 3 main components
levels: building component level, systems component level and elements
component level.
4.1.1 MODULE1: INTERACTIVE DATABASE
The first module is the interactive database. This database consists of four
main components: construction elements, costs, location and building information.
Construction elements database have lists of different construction materials and
their related information as technical and thermal data. Examples of such data are:
materials conductivity, U-value, shading coefficient, initial Costs, maintenance
costs…etc.
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Component

Process

Main Modules

4-Optimized
design

4. Optimization Engine
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w1-1
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S1-1

W3-4
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System
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Wind 1-4
Wind 3-4

Optimized Design

3. Systems Assessment
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Systems

Systems
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System
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3-Systems
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g Loads
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S1
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• Min. Life-cycle
Costs
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Building
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Figure4-1: Proposed Framework
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• Various system
alternatives
per orientation
are built

1-Initiate
construction
elements, Costs,
Location and
building
information
database

The costs database includes costs related data such as: initial costs,
maintenance costs and replacement costs. Location database consists of
information related to the location of the building including the country and city
as: weather data (monthly average ambient temperature, solar heat gain factor,
cooling load factors and natural Illuminance at various orientations) and economic
data (interest rate and inflation rates).Building information includes information
related to the building under study such as: area, number of floors, height of
floors, number of windows and relative areas….etc.
4.1.2 MODULE2: SYSTEMS BUILDER
The second module is the systems builder. This module builds different
design systems from the elements in the database. Four main components are
considered in building design: orientation, building envelope exterior walls, roof
and windows. The building as a whole is assessed for best orientation then
windows and walls systems are assessed per such orientation. In other words,
walls facing south might have different system than walls facing west, and the
same applies to windows. The systems builder is mainly fed from the interactive
database to produce different combination of systems under each envelope system
at different building’s orientation scenarios. Different systems are formed of
different alternatives to reach the optimum green building orientation, walls
system, roof system and windows system designs per facade. Such green design is
based upon certain considerations. Considerations as: heat gain/loss of the
envelope, thermal comfort, indoor quality, daylighting level and costs are fed to
the systems builder through module 3 which is the systems assessment.
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4.1.3 MODULE 3: SYSTEMS ASSESSMENT
The systems assessment module consists of four main assessments which
include: sustainable considerations as indoor quality, energy efficiency, passive
solar design and daylighting along with costs measures. Assessments include:
thermal assessment, energy demand assessment, costs assessment and daylighting
assessment which all work in parallel to reach the best available green design.
4.1.3.1THERMAL ASSESSEMENT
This assessment main objective is to calculate the needed cooling/heating
loads that a building would need to reach the state of thermal comfort. Thermal
envelope condition of a building is based on three main calculations which are:
building envelope heat gain/loss due to conduction through walls, roof and
windows; convection and window’s heat gain due to solar radiation exposure.
4.1.3.2 ENERGY DEMAND ASSESSMENT
The second assessment is the energy demand which depends on total
required heating/cooling load considered from thermal assessment results. Energy
considered in this assessment is the amount of electricity needed to maintain
thermal comfort and indoor quality.
4.1.3.3. COSTS ASSESSMENT
Life-cycle costs are calculated based upon initial, operating, replacement
and maintenance costs of the system. Disposal and other operating costs as water
are not considered in this research scope.
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4.1.3.4DAYLIGHT ASSESSMENT
Daylighting assessment is presented through an index to give a sense about
the extent of daylighting intrusion to the building. Factors as: natural illumination
intensity based on location and orientation, windows view factor, windows area to
floor area, net glass area and maintenance factor are all considered and are
retrieved from the interactive database.
4.1.4 MODULE 4: OPTIMIZATION ENGINE
The Last module is the optimization engine which presents the link
between all modules. The module first works upward from elements level to
systems level to buildings level as shown in Figure (4-1). It starts with materials
composition to systems building of alternatives then to systems assessment and
finally to optimization engine that forms a loop of information that moves
downwards from building level to systems level to elements level through the
three modules till reaches the best alternative designs.

4.2 MODEL IMPLEMENTATION
A prototype model following the proposed framework was developed. The
model is applied using MS Excel spreadsheet. The model presents flexibility in
adding more construction materials, more locations, more building design
features…..etc. The model application is summarized in Figure (4-2) with six
main steps following the trend of the proposed approach:
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4.2.1 STEP 1: USER INTERFACE
The user interface is the first window that opens to the user upon using the
model. A table appears with three sub-divisions to be entered by user which are:
building information, building design and analysis preferences. In the building
information level, the user enters the length and width of the building design in
meters, height of floors in meters, numbers of floors, and finally the location
where the building is going to be built. The next level is the design preferences,
the model user enters some design preferences as the windows area (as % from
each wall facade area),the user thermally comforting interior temperatures
required at summer and winter in degree Celsius and minimum required amount
of daylighting that the user would prefer to intrude to his building. The
requirements of daylighting are selected from a list entered by model designer
ranging from very weak to excellent daylighting. The third and last level
information entry has to do with the user preferred analysis lifetime in years.
4.2.2 STEP 2: INTERACTIVE DATABASE
This database is fed on two levels. The first level is to set up the program.
The second level is to specify the analysis to a single project under analysis which
is the user entry information discussed in step 1.The interactive database has three
main groups fed as shown in Figure (4-3). Group one is material related
information including list of construction materials and their associated technical
data. Group two has cost related information as construction materials initial
costs, maintenance and replacement costs. Group three includes location related
data as weather data (monthly average ambient temperature data, solar heat gain
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factor(SHGF), cooling load factors (CLF) and natural illuminance(NI)) and
economic related data (interest and inflation rates) related to country where the
building is placed.

Interactive Database

1

User Interface

Building Design

MATERIALTechnical, Thermal…etc.
Costsmaterials, Labor, Equip…etc.
LocationTemperature, Orientation:
SHGF, CLF, natural Illuminance… etc.
2

5
3

4

Systems Assessment

WALL

Output

Thermal Assessment
Energy Demand
Assessment
Costs Assessment
Daylighting Assessment

Systems Builder

•
•

ROOF

Various alternatives
Various building orientations

6

Figure 4-2: Summary of Model Application Framework
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Element
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(Temp, SHGF,
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NATURAL
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(interest rates,
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Figure 4-3: Interactive Database Main Components
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Determination of Interactive Database Parameters and its Sources:
The needed parameters sources used in (EDIT) model are all grouped and
emphasized in Table (4-1), and are the following:
Table 4-1: Parameters Used In (EDIT) Interactive Database
Parameters in
Interactive Database
• Resistance
• Air resistance values
• U-value
• Average monthly dry
bulb temperatures

Source and Comments
• ASHRAE (Cooling and heating load calculation
manual 1997, (McQuiston and Spitler, 1997)
• US department of energy(Weather Data, 2011)
• These weather data are based on 30 consecutive
years’ measurements for different locations in
Egypt. The data were specifically gathered for
design condition source of ASHRAE.

•

Solar Heat Gain
Factor

• ASHARE design book for cooling and heating load
calculation manual.(Cooling and heating load
calculation manual, 1997)

•

Cooling Load factors

• ASHARE design book for cooling and heating load
calculation manual. (Cooling and heating load
calculation manual, 1997); (McQuiston and Spitler,
1997)

•

Coefficient of
Performance

• An average C.O.P of 3 in summer would be used in
model and 4 in winter based on a market survey of
different types of ventilators brochures used in
buildings and offices in Egypt

•

Illuminance and view
factor

• In this model, the Illuminance is received from
graph for both direct and diffuse natural lighting
for altitudes ranging from 30 degrees to 24 degree
calculated and designed by Prof. A. A. Fikry in his
paper “A Mathematical Model to Calculate the
External Natural Illuminance Impact upon Building
Facades”. Illuminance is received for summer
season at 2:00 p.m.
• View factor is obtained for a distance of 2 meters
from the window center which is considered
adequate for daylighting measurements. (Fikry,
2006)

•

Maintenance Factor

• Maintenance factor of 0.8 is used as an average
value for glass dirt (High Effeciency Lighting,
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1990)
•

Initial Costs

• Obtained from the B.O.Q of a large governmental
project (United Company, 2010)

•

Maintenance Costs

• Obtained from a consultant engineer judgment
working in a construction firm that have conducted
more than 8 projects to the government
sector(Hammid, 2010)

•

Energy Costs

• Energy mainly considered is electricity costs based
on energy demand calculations and electricity
prices per use obtained from Ministry of electricity
and Energy(Egyptian Electricity Holding Annual
Report, 2011)

•

Replacement Costs

• Costs incurred depending on lifetime of materials.
Materials lifetime obtained from a consultant
engineer judgment (Hammid, 2010)

1- Roof/Walls Parameters (R(thermal resistance),Air Resistance)

These parameters have to do with the material considered in the wall/roof. The
resistance R is considered from thermal properties of used materials. Resistance
can be easily received from materials design books, chemistry books, heat transfer
fundamentals books, cooling and heating load calculations books and materials
manuals.
2- Windows Parameters (U-value, Shading coefficient and Glass Transmission)

Windows U-value, shading coefficient and glass transmission parameters have to
do with the window glazing materials. The U-value which is the design heat
transmission coefficient is considered from technical data of materials. Windows
U-value can be received from design books, heat transfer fundamental books,
materials Producers, ASHRAE handbooks,…..etc.
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3- Average Monthly Dry Bulb temperatures (Tout)

Average outdoor temperatures should present average monthly maximum dry bulb
temperature in summer seasons months and average minimum dry bulb
temperatures in winter season months. Weather data can be received from
local/international weather related organizations. Summer months and winter
month depends on location and differs from one country to another (example
Australia Versus. Egypt). The (EDIT) model gives room to select for each
location the summer seasons.
4- Solar Heat Gain Factor(SHGF)

Solar heat gain factor represents the amount of heat gain from solar exposure of
vertical windows. Usually, local meteorological stations should have such
measurements including vertical and horizontal sunlit glass.
5- Cooling Load Factor (CLF)

Cooling load factor is a conversion factor for glass and it depends on orientation,
presence of interior shading and solar time.
6- Coefficient of Performance (C.O.P)

Coefficient of performance of cooling/Heating system depends on function
needed, type of ventilator, place of operation, weather and season of operation.
C.O.P should be brought from used cooling/heating system(ventilator) operation
data.
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7- Natural Illuminance at Window Plane I (LUX)

Illuminance at window plane is the amount of light in (LUX)protruding due to the
natural lighting only. This value depends on location (altitude, conditions of sky
(clear/overcast), orientation of window considered, season and daytime. This
information is related to climate data and should be present at weather data of
countries and local meteorological stations.
8- View Factor (VF)

The view factor relates between windows to floor area and distance of reference
points from the window. This value can be obtained from daylighting design
books, manuals….etc.
9- Maintenance Factor (MF)

The maintenance factor or light loss factor is a ratio that compares between the
average illuminance in a working plane after a period of time to its equivalent at
installation period. It mainly accounts for dirt of glazing. The maintenance values
could be received from lighting design books or daylighting calculations manuals.
10- Daylight Index (DI)

Daylighting index should be based on standard values for each place in a building
(bathroom, living room, dining room…etc.) shown in Table (3-2). From such
variables one can rate the average natural illumination level inside a building from
very weak, to excellent daylighting level.
11- Costs

Costs related information including (initial, maintenance, replacement, energy).
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Initial costs include material acquisition costs, needed labor and equipment for
installation. Maintenance costs can be based as percentage of initial cost per year.
Replacement costs are based on materials lifetime and project analysis duration.
Energy/Electricity costs are from consumption and actual prices per consumption
in kw hr./months.
4.2.3 STEP 3: SYSTEMS BUILDER
The third module is the systems builder. This module builds different
alternatives in each building envelope system. Three main systems are considered
in the envelopes which are exterior walls, roof and windows. Each system could
be composed of layers reaching six layers as shown in Figure (4-4). First the
builder identifies the system to be built whether it belongs to wall, windows or
roof systems (colomn1). Then, the model gives automatic coding to the system
depending on number of alternatives in each system (column 2). Six layers
composition are left open for designer to constitute (columns 3-8)

1
2
SystemCode
identification
Wall

System Type
Wall, Roof,
Window

Wall 1

3

4

5

6

7

8

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Layer 6

Interior
Paint

Interior
Plaster
(heavy)

Dense
Brick
120 mm.

Rice
straw
blanket

Dense
Brick
120 mm

Exterior
Plaster
(heavy)

6 different system layers compositions

Figure 4-4: Systems Builder Main Components
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4.2.4 STEP 4:SYSTEMS ASSESSMENT
The systems assessment consists of four main assessments which are:
thermal assessment, energy demand assessment, costs assessment and daylighting
assessment as shown in Figure (4-5).
4.2.4.1 THERMAL ASSESSEMENT
The first assessment calculates the needed cooling/heating loads to reach
state of thermal comfort of the buildings based on four main calculations: (1)
building envelope heat gain/loss due to conduction/convection through walls, (2)
building envelope heat gain/loss due to conduction/convection through the roof,
(3) building envelope heat gain/loss due to conduction through windows and (4)
window’s heat gain due to solar radiation exposure. Calculations are made for
windows and walls per facade system, then summed together to represent total
walls/windows heat gain/loss. These amounts are further added to roof system
calculations to present the building overall heat gain/loss.. An example of walls
thermal calculations is shown in Table (4-2).
Table 4-2: Example of Wall element Thermal Assessment (EDIT)

WALLS

ENVELOPE

Element

facade

Code
(Type of System)

Facade 1

Wall 1

Facade 2

Wall 3

Facade 3

Wall 1
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Heat gain summer
(watt)

heat lost winter
(watt)

602.61

-376.36

430.43

-268.83

602.61

-376.36

Facade 4

Wall 4

Total Heat gain/loss of Walls Element (watt)

511.14

-319.24

2146.79

-1340.80

STEP 4: SYSTEMS ASSESSEMENT

1

Thermal Assessment

WEATHER DATA

HEAT GAIN/LOSS

USER BUILDING
INFORMATION

BUILDING
SYSTEM
SOLAR HEAT GAIN

2

Energy Demand Assessment
ENERGY DEMAND

3

COOLING LOAD
FACTOR
MATERIALS
TECHNICAL DATA
HEATING/COOLING
LOAD
C.O.P and
OPERATING HRS.

Costs Assessment
LIFE-CYCLE COST
INITIAL
MAINTENACE
Replacement
Operating

4

SOLAR HEAT GAIN
FACTOR

Daylight Assessments
DAYLIGHT INDEX

INITIAL, MAINT,
REPL, ENERGY and
ECONOMIC RATES

USER BUILDING
INFORMATION
NATURAL
ILLUMINATION

Figure 4-5: Systems Assessment Main Components
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4.2.4.2 ENERGY DEMAND ASSESSMENT
Energy demand depends on many components as shown in Figure (4-6).
Components needed are: required heating/cooling load considered from thermal
assessment, needed interior thermal comfort temperature entered by user
preferences in step 1 and used ventilating system (amount of operating hours and
its coefficient of performance).

Ventilator
(C.O.P & Average values
operating
hrs.)

User entry

Needed
thermal
comfort
tempratur
es

Thermal
Assessment
Required Load
(heating/
Cooling)

Figure 4-6: Energy Demand Main Components

4.2.4.3 COSTS ASSESSMENT

The life-cycle cost is based upon initial, energy, maintenance and
replacement costs of the system. Initial, maintenance and replacement costs are
retrieved from the interactive database for all selected systems. Maintenance,
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operating and replacement costs (E+M+R) are projected as present value and
added to initial costs of the systems to represent the total life-cycle costs.
4.2.4.4 DAYLIGHTING ASSESSMENT
This assessment presents an index about daylight intrusion to the
building. In this model, the natural illumination amount, the view factor, the
windows area to floor area, the net glass area and the maintenance factor are all
received from the interactive database and the index is computed based upon
Equation 3-14 discussed in chapter 3.Moreover, daylighting is affected by many
parameters as partitioning (interior walls), space division, using of shading
devices, presence of windows, window/Floor area….etc. Therefore, a common
scenario is placed for the sake of daylighting index calculations as shown in
Figure (4-7), where the floor is divided into nine areas. Windows are divided to
three per facade. Daylighting is calculated basically at nine points(measurement
points). Based on explained theory, an average of the illumination level at the nine
measurements points is represented by an index (daylighting index).

Measurement points

Figure 4-7: Daylighting Pattern Assessment
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4.2.5 STEP 5: OPTIMIZATION ENGINE
The optimum design is formulated through an optimization problem. The
variables represent the different alternatives of every building system in each
facade along with building orientation. The objective function is to minimize the
life-cycle cost. The model constrain is the minimum desired daylighting level. The
model uses genetic algorithms (GAs) through Evolver package add-Ins. The
chromosome consists of ten genes. The first gene is the building orientation in
integers and varies from one to eight. The second gene includes the roof system
types in integers and varies from one to number of alternatives entered by
designer/architect. The third to sixth genes includes the walls systems types in
each façade in integers and range from one to number of systems alternatives
entered by designer/architect. The seventh to tenth genes include the windows
systems types in each façade in integers and range from one to number of system
alternatives entered by designer/architect.
4.2.6 STEP 6: OUTPUT INTERFACE
Model output includes information that constitutes the optimum design.
The output is divided into two levels: building level and systems level. For the
building level, the information given is optimum building orientation and level of
daylight intrusion based on design. The systems level includes the following:
(1) Wall type of facade 1
(2) Wall type of facade 2
(3) Wall type of facade 3
(4) Wall type of facade 4
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(5) Roof type
(6) Window type of facade 1
(7) Window type of facade 2
(8) Window type of facade 3
(9) Window type of facade 4
The output shows the optimum design of a building envelope while considering
sustainability approaches of least life-cycle costs

4.3 MODEL EXTRACTS
The following represents explanation of extracts from the (EDIT) model.
The model consists of six worksheets for data organization. The first worksheet is
called the user interface windows which includes the user information entry and
model output (Steps1 and 6). The second worksheet consists of the interactive
database (step 2) which also retrieves information from worksheet five and six
which are costs and location databases. The third worksheet consists of systems
builder (step 3), and the fourth worksheet consists of systems assessments which
include the thermal, energy, costs and daylighting calculations (step 4).
4.3.1 USER INTERFACE WINDOW
I- USER ENTRY INFORMATION

Figure (4-8) represents the user interface window with building required
information, design preferences and analysis preferences. Also, top buttons are
available if the user wishes to revise, modify or update any data in the databases
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such as: interactive database, systems builder, location or assessment databases.
Figure(4-8) shows the input data required to be fed by the user which is:
A- Building Information: Length, width, number of floors and height of each
floor. Location of the building is also required and entered through
selection from drop-down list as shown in Figure (4-9).
B- Design Preferences: Each facade windows area from wall percentage, net
glass area from windows percentage, preferred interior temperatures in
summer and winter. Finally, minimum required daylighting level is
entered through selection from drop-down list as shown in Figure (4-10).
C- Analysis Preference: Preferred study life time which is entered in years.
II- OUTPUT INTERFACE
On the same user interface worksheet, the model output is represented
(Figure 4-11). Building orientation, roof, exterior walls and windows fabric design
per facade are presented to the user after running the optimization module, taking
into considerations green approaches, user preferences and costs measures
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Figure 4-8: User Interface Window (EDIT)
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Figure 4-9: Location Entry (EDIT)

Figure 4-10: Daylight Entry (EDIT)
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Optimum Orientation and
Daylight level
Optimum wall system per
façade and Roof system
Sketch of
building w.r.t
North

Optimum window system
per façade

Figure 4-11: Model Output (EDIT)

4.3.2INTERACTIVE DATABASE
The interactive database consists of construction materials list and their
technical and costs data. Figure (4-12) shows the interactive database. Also, there
are navigation buttons whereby the user can check the costs database, updates or
modifies them or return to the user interface.
4.3.3 COSTS/LOCATION DATABASE
Costs database has materials initial costs, maintenance costs and
replacement costs. Figure (4-13) shows the costs database. On the other hand,
location database has many entries per country-city :(1) weather data (monthly
average temperature data, solar heat gain factor (SHGF) and cooling load factors
(CLF)); (2) natural illuminance (NI) and (3) economic related data (interest and
inflation rates) which are all shown in Figure (4-14). Moreover, the user identifies
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the summer and winter months as it differs from one country to another. This is
done through entering a value of 1 if the months considered is summer months;
see Figure (4-15).

List of materials

Technical data

Figure 4-12: Interactive Database (EDIT)
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Cost data

Each element defined of its system then Initial cost,
Maintenance costs and materials lifetime

Figure 4-13: Costs Database (EDIT)
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City and

Max. and min. avg temp.

Summer and Winter SHGF

Economic data:
Interest, inflation

Figure 4-14: Location Database (EDIT)
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Max. CLF

Natural Illuminance

Figure 4-15: Summer Months’ Identification (EDIT)
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4.3.4 SYSTEMS BUILDER
Systems builder identifies different alternatives for each considered
element (walls/roof and windows).Figure (4-16)shows the systems builder with
alternative of six layers per system that can be considered. Their associated costs
are retrieved from the interactive database.
4.3.5 SYSTEMS ASSESSMENT
Systems assessment presents four different calculations: (1) thermal
assessment shown in Figure (4-17), (2) Energy demand shown in Figure (4-18).
The designer can change some of the model assumptions as: windows
maintenance factor, ventilator operating hours, coefficient of performance,
daylighting representations indices and electricity prices per consumption as
shown in Figure (4-19). Daylight index calculations are shown in figure (4-20).
The costs assessments are shown in Figure (4-21) where the life-cycle cost is
calculated depending on initial costs, present worth of maintenance costs,
electricity and replacement costs using market interest rate.
4.3.6 OPTIMIZATION ENGINE
The Optimization engine is shown in Figure (4-22) where Evolver package
is used and (GA) is manipulated. Evolver performs genetic algorithm optimization
to find the best solution to meet the given target (least life-cycle costs).

77

Systems
alternative

Selection of each alternative system composition

Figure 4-16: Systems Builder (EDIT)
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Thermal Properties
of each built
system

Walls and Roof
heat gain/Loss

Windows heat
gain/Loss

Figure 4-17: Thermal Assessment (EDIT)
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Windows maintenance factor
Ventilator C.O.P and operating
hours per day summer/winter
f

til t

i

d
Total needed loads
in summer and

Energy demand (watt) per day in
summer and winter
Total energy demand /year

Figure 4-18: Energy demand Assessment (EDIT)
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Daylight Index Representative

Electricity costs per monthly
consumption

Figure 4-19: Illumination Ranges and Electricity Costs Representations (EDIT)
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Daylight level in 9 measurements points

Figure 4-20: Daylight Assessment (EDIT)

Figure 4-21 : Costs Assessement(EDIT)
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1 Objective Function: Min. LCC

2- Variables: (orientation, walls,
Roof and Windows)

3-Constrains: Least Preferred
daylighting level

Figure 4-22: Optimization Engine (EDIT)
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4.4 SUMMARY
This chapter presented the proposed technique/framework to be used to
reach sustainable building design at least costs. The methodology used in
developing this technique was summarized in four modules which are: Module (1)
Interactive database, Module (2) Systems builder, Module (3) Systems
assessments and Module (4) Optimization Engine. Based on such platform, a
generic model (EDIT) was developed. The (EDIT) model was discussed in details
in six steps
(1) User interface
(2) Interactive database
(3) Systems builder
(4) Systems analysis
(5) Optimization engine
(6) Output interface
Extracts from the model were included showing its input, output and data
processing.
The next chapter will discuss a case study application using (EDIT) model.
Case study results will be discussed and further analysis will be incorporated as
comparative analysis, simulation and sensitivity analysis. Finally, validation and
verification of the model will take place.
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CHAPTER 5:
Case Study Application,
Discussion and Validation
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CHAPTER 5: CASE STUDY APLLICATION AND DISCUSSION
This chapter shows (EDIT) application on a case study. User entry
information regarding the case study is identified and extracts from the model
revealing the process of information are shown. Results, discussion and further
analysis are introduced such as: comparative analysis, simulation, sensitivity
analysis and easy design figures tools.

5.1CASE STUDY APPLICATION
The (EDIT) model was applied to a case study shown in Figure (5-1)which
is an extract of the first interface window in the model .The first set of information
required are related to the building information such as: the building area of 20 x
12.5 square meters with a floor height of 3meter and is located in Cairo-Egypt.
The second set of information is related to the building preferred design such as:
windows area/wall area in facade 1 and facade 3are 30%, windows area/wall area
in facade 2 and facade4 are 20%, the Windows’ net glass area are 80% of their
total size, the user preferred interior summer and winter indoor temperatures are
200C and 240C respectively and the minimum preferred daylighting level is “good
daylighting”. Finally, the last information is related to analysis preference which
is the life time of the study and is chosen to be 30 years.
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Figure 5-1: User Entry Extract (EDIT)l
After entering the user information in the (EDIT) model, optimization is
performed to reach the least available life-cycle cost design. Green approaches
discussed in chapter3 are also considered. This includes: material efficiency,
indoor quality, energy efficiency, passive solar design and daylighting. Figure (52) shows the optimum design in the available database for the building. Regarding
the building level, the best orientation is (option1) which is facing the North
meaning that facade1 and facade 3 of the building would face South and North
respectively.
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Figure 5-2: Optimization Results (EDIT)
For the system level the first assessed systems are the building envelope
walls. The best walls envelope system is option 7 in the database for the 4 facade
oriented walls facade 1, facade 2, facade 3 and facade 4. This option refers to
using rice straw blanket as insulation between double brick layer. It represents the
highest available thermal insulation resistance type of walls in the database.
The second assessed systems are the windows. The best windows system
for the 4 facade oriented windows is option 1 in the database. This option refers to
single glazed windows with no tints or coats. It represents the lowest available
thermal insulation resistant type of windows in the available database. Although
windows insulation contributes to energy savings, in this case study it does not
contribute much to life-cycle costs savings since their initial costs outweigh their
energy savings. However, it will be discussed in later parts in this chapter that if
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electricity costs in Egypt which is subsidized would increase, other window types
than single glazed with higher thermal resistance would be required.
Finally the last assessed system is the roof. The best roof system is option
4 in the database. This option refers to using rice straw blanket as insulation with
reinforced concrete. It represents the highest available thermal insulation
resistance type of roofs in the database.

5.2 DISCUSSION
5.2.1GENERAL
It is revealed that for a medium size building analysis in Egypt and with
available database, an optimum green design with least life-cycle costs includes
good insulation of the envelope walls and roof. Using building orientation has also
shown great contribution where the best orientation is to place the large buildings
dimensions (facade 1 and facade 3) to North and South avoiding the huge heat
gained from west and east facades.
5.2.2COMPARATIVE ANALYSIS (GREEN/TRADITIONAL)
The above case study shows that a building can be green as well as
economic. However, it gives more apprehension and sense if the amount of
savings is represented in numbers and percentages. Thus, a comparative analysis
is done to show the marked savings of the above chosen green alternative by
comparing it to its equivalent but of least initial investments (traditional design).
The building discussed in the previous case study is assessed once more with the
objective of minimizing the initial cost with no considerations to be green. Table
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(5-1) summarizes the difference in design between the green design from case
study output and the traditional design of least initial costs. The (EDIT) model is
used for the comparative analysis between the two designs. The comparative
results show that green alternative exhibits huge savings in life-cycle costs and
energy costs. A total life-cycle savings of 26,000 EGP nearly 16.3% would be
achieved if adopting the green design instead of the traditional one.
Table 5-1: Difference between Green and Traditional Designs
Component

Green Alternative

Traditional Design

System

Building material

Insulation

Building material

Insulation

Wall facade

Dense double brick layer

Rice straw blanket

Single brick layer

No

Wall facade 2

Dense double brick layer

Rice straw blanket

Single brick layer

No

Wall facade 3

Dense double brick layer

Rice straw blanket

Single brick layer

No

Wall facade 4

Dense double brick layer

Rice straw blanket

Single brick layer

No

Roof

Reinforced Conc.

Rice straw blanket

Reinforced Conc.

No

Windows

Single glazed windows

Windows

Single glazed windows

Windows

Single glazed windows

Windows

Single glazed windows

Other parameters than life-cycle costs might interest some investors such
as initial costs. Thus, comparing initial costs as well as computing payback
periods are worth studying. The model have capacity to further compute the
difference in amounts of initial costs of each building design alternative and
compare it to above life-cycle costs savings and assess the payback period.
Accordingly, the increase in initial costs for adopting the green design alternative
has resulted in approximately 5.4% increase. However, the energy savings have
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yielded 50% annual savings. Moreover, discounted payback period between the
green and traditional design computed to be three years. Thus, three years are
needed to recover the increase in first investment through the energy savings.
5.2.3 SENSITIVITY ANALYSIS
The increase in population results in increase in resources demand. One of
such resources is energy. Electricity costs are from resources that are expected to
increase. Egyptian government offers support to electricity prices. Electricity costs
in Egypt are subsidized by about 70 % of its actual costs. On the other hand, many
experts and economic professionals expect that electricity costs would increase if
the support is not removed at all. In the presence of risk, it is the role of
management to study the effect of any pertaining circumstances and show its
effect. Thus, a sensitivity analysis is done to further understand the effect of the
risk of increase in electricity prices on three factors: the payback period (PBP), the
life-cycle costs (LCC) and the green design.
EFFECT ON PAYBACK PERIOD (PBP)
The first assessed factor is the payback period. Payback period is mainly
affected by two parameters initial costs and electricity consumption. It assesses
the amount of time required to cover the increase in initial costs. From previous
comparative analysis, it was found that an optimum green building design would
yield a compounded payback period of about 3 years considering inflation and
interest, In other words, at current electricity costs which is 0.48 EGP per kilo
watt consumption of electricity per month, a payback period of about 3 years is
expected to recover the extra cost of initial investment of green design than the
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traditional one. If the electricity costs would increase, the payback period is
expected to decrease due to the energy savings in consumption that is yielded
from the green approach. Figure (5-3) shows the relationship between percent
increase in electricity and simple payback period without considering interest and
inflation. If electricity costs would reach its double with a 100 % increase in its
current cost, the payback period would decrease to 1.44 years. If it further reaches
the triple, it would further decrease to 1.29 years. It is apparent from such graph
and relationship that with the increase of electricity costs, the payback period
decreases largely.
EFFECT ON LIFE-CYCLE COSTS
The second assessed factor is percentage change in life-cycle costs. This
assessment is also based on the comparative analysis discussed above between the
green design and the traditional one. At the current electricity costs, which 0.48
EGP per kilo watt consumption of electricity per month, savings in life-cycle costs
reach 16.3% along the building lifetime analysis. If the electricity costs would
increase, the percentage savings is expected to increase due to the energy savings.
Figure (5-4) shows the relationship between percent increase in electricity costs
and percentage savings in life-cycle costs.
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SENSITIVITY ANALYSIS
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Figure 5-3: Sensitivity Analysis (Electricity Costs Increase vs. Pay Back
Period)
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Figure 5-4: Sensitivity Analysis (Electricity Costs Increase vs. LCC)
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If electricity costs would reach its double with a 100 % increase in its
current cost, the life-cycle costs savings would increase to 23.6 %. If it further
reaches the triple, it would further increase to 28.43 %. It is apparent from such
graph and relationship that with the increase of electricity costs, the life-cycle
costs savings would increase due to achieved energy savings.
EFFECT ON OPTIMUM DESIGN SCENARIO
Not only does the percentage increase in electricity prices have an effect
on the Payback period and life-cycle costs, but it also affects the optimum design
of each system. Figure (5-5) shows the change in the building optimum design
with respect to the change in electricity costs. Table (5-2) shows the composition
of different system alternatives. At current electricity prices, the optimum building
design includes the envelope maximum thermal insulation of four facade walls
(wall type 7) and roof (roof type 4) and no necessary insulation for windows
(windows type 1). However, the sensitivity analysis performed shows that the
same design will be the optimum till the electricity prices reaches 20%. After that,
the optimum design will be different. At 20% increase in electricity costs, the
optimum design would include different types of windows with more thermal
insulation in East and South facades (windows type 2),while still the South and
North of no insulation (windows type 1). At 30 % increase in electricity costs,
higher types of insulation alternatives are required for all the four windows
facades (windows type 2). At 80% increase in electricity prices, higher insulation
types of windows are required in East and South windows facades (facade 2 and
facade 3 of windows type 3). When electricity doubles, another type of windows
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with highest insulation are required in East and South windows facades (facade 2
and facade 3 of windows type 4). Figure (5-5) shows that with percent increase in
electricity, more thermal insulation is required for the building to show best lifecycle performance with respect to costs.
Table 5- 2: Systems Alternatives in Available Database
Systems
Types
Wall 1

Composition Layers
Dense
Brick

Interior Plaster
(heavy)

Double
Dense
Brick
Double
Dense
Brick
Double
Dense
Brick
Double
Dense
Brick

Interior Plaster
(heavy)

Cavity
(3 mm wide)

Exterior Plaster
(heavy)

Interior Plaster
(heavy)

Cavity
(6 mm wide)

Exterior Plaster
(heavy)

Interior Plaster
(heavy)

Cavity
(13 mm wide)

Exterior Plaster
(heavy)

Interior Plaster
(heavy)

Exterior Plaster
(heavy)

Wall 6

Double
Dense
Brick

Interior Plaster
(heavy)

Fiber
Insulation
Board
(24 mm)
Polystyrene
Expanded
(25 mm)

Wall 7

Double
Dense
Brick
Reinforced
Concrete

Interior Plaster
(heavy)

Rice Straw
Blanket

Exterior Plaster
(heavy)

Roof 2

Reinforced
Concrete

Interior Plaster
(heavy)

Roof 3

Reinforced
Concrete
(120 mm)

Interior Plaster
(heavy)
(25mm)

Roof 4

Reinforced
Concrete(

Interior Plaster
(heavy)

Wall 2
Wall 3
Wall 4
Wall 5

Roof 1

Interior Plaster
(heavy)
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Exterior Plaster (heavy)

Exterior Plaster
(heavy)

Exterior Plaster (heavy)
(25mm)
Polystyrene
Expanded
(25 mm)
Fiber
insulation
board
(24 mm)
Rice straw
blanket (25

Exterior Plaster
(heavy)
Exterior Plaster
(heavy)
Exterior Plaster
(heavy)(25mm)

120 mm)

(25mm)

mm)

Window 1

Single glazed

Window 2

Double glazed + (1/4" air space)

Window 3

Double glazed + (1/2" air space)

Window 4

Double glazed + (1/4" air space)+ coat (e=0.4)

Window 5

Triple glazed + (1/2" air space)

5.2.4 BUILDING SIMULATION
A COST/ENERGY TRADEOFF
Another analysis is done to further study the green approach and its
relationship to costs. Based on the current data in the construction elements
database, simulation has been conducted to see the tradeoff between initial costs
and energy costs. Systems options were selected randomly based on discrete
uniform distribution ranged from 1 to available options for each system. Two
predictions were tracked, the building initial cost and the building energy costs
(electricity cost/year). Nine thousand trials were performed and all data were
extracted as shown in Figure (5-6). The nine thousand scenarios were traced
giving different options for each variable (building orientation, roof type, type of
wall in facade 1, type of wall in facade 2, type of wall in facade 3, type of wall in
facade 4, type of window in facade 1, type of window in facade 2, type of window
in facade 3, type of window in facade 4). The relation between initial cost and
energy costs (electricity cost/year) is plotted as shown in Figure (5-7).
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Figure 5-5: Sensitivity Analysis (Electricity Costs Increase vs. Building Optimum Design Change)
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Figure 5-6: Simulation of Systems Alternatives
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3
2

Figure 5-7: Initial Cost/Energy Costs Tradeoff
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Figure (5-7) shows the tradeoff between the energy and initial costs for the
different design scenarios. The x-axis represents the energy costs of different building
design scenarios. The y-axis represents the total initial costs of each relative scenario.
The left half of the graph represents the least energy consumption available scenarios,
while the bottom half of the graph represents the least initial cost scenarios. For
example, point (1) represents a design that would yield the least energy costs per
month of nearly 4,100 EGP, but relative high initial costs of nearly 135,000 EGP.
Point (2) on the other hand, represents a design scenario that would give the least
initial cost of 98,000 EGP, but consumes high energy costs of 10,400 EGP per month.
Neither scenario could give the user his optimum design, since most of them target
both less initial as well as energy costs. Thus, dual optimum energy and cost can be
attained by choosing scenarios from the bottom left quarter of the figure following the
Pareto front line which represent design scenarios of relative minimum initial and
energy costs. Point (3) for example, represents one of the best designs with initial cost
of106, 000 EGP and energy costs of5250 EGP/year. This means that with difference
of initial costs of 8,000EGP (8% increase) from design at point (2), investors can save
up to 5,150 EGP per year about (50%) with a payback period of 2.5 years.
Consequently, one can find more than one optimum building design scenarios with
two-fold savings in initial and energy costs. Designers could trace easily back the
optimum scenario and determine the optimum preferred design. Comparative study
can be also prepared through such figure with different optimum designs.
Some users would still want to identify their options with respect to their lifecycle costs along with their initial and energy costs. Thu, a third dimension to the
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above figure is developed to include the life-cycle costs of each presented design
scenario. Simulation trials were performed and all data were extracted as shown in
Figure(5-8).Three predictions were tracked: the building life-cycle cost, the building
energy costs and building initial costs.
The relation between initial cost, life-cycle costs and energy costs for trade-off
were plotted as shown in Figure (5-9). The figure represents solutions for the building
design. However, the solutions were categorized based on their energy consumption
per year in Egyptian pound (EGP). Three categories were developed energy costs
ranging from 4000-6000 EGP/year, energy costs ranging from 6000-9000 EGP/year
and finally energy costs ranging from 9000-15000 EGP/year. Each energy cost
category has different design scenarios plotted with their life-cycle costs and initial
costs. The figure shows that at same initial costs, one could pay different amounts of
energy expenses, and consequently different life-cycle costs. Thus, it does not depend
on initial costs only to choose an optimum solution. For example, line A represents
different design scenarios that have the same relatively low initial costs. However,
based on each design scenario one could end up with either the least energy costs
alternatives or the maximum energy costs alternatives. Thus, the problem is not easy
and one cannot choose based on one criterion as initial costs. This figure can be used
to choose a building design with an optimum solution. Point(1) for example,
represents a design of low initial cost, life-cycle and energy costs, and one could trace
back such design in the database.
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Figure 5-8: Simulation of Systems Alternatives
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Initial, LCC & Electricity Costs
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140,000
130,000
120,000
110,000

Line A: At same initial cost, the LCC and
electricity costs are different

100,000
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190,000

Energy (9000-15000) EGP/year

Figure 5-9: Initial, LCC and Electricity Costs Tradeoff
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180,000

DESIGN ALTERNATIVES INTEGRATIVE COMPARATIVE
ANALYSIS
Choosing the best suited design for the building envelope is not an easy
task. The (EDIT) database has seven different wall types for each facade, five
different windows types for each façade and four roof types with seven different
orientations. Such alternatives can yield hundreds of thousands of combinations of
design scenarios. Using a model such as (EDIT) will provide the best available
solution. However, some experts in management practice would prefer to study a
group of relative optimum solutions and choose the best option that meets their
list of requirements. Figures(5-10), (5-11) and (5-12) are an attempt to represent
different alternatives as an easy tool for designers decision making. The first
Figure (5-10) presents comparative analysis with respect to roof, the second one
(5-11) with respect to walls and the last one (5-12) with respect to windows.
A- ROOF
Figure(5-10)can present a tool for designers to choose their optimum roof
type with respect to life-cycle cost. The x-axis represents three parameters roofs
types (last axis),walls types (middle axis) and windows types (top axis),
respectively. The figure is divided into 4 parts where each one presents a type of
roof ranging from roof type 1 till roof type 4. The partition in the most left of the
figure presents roof type 1 while using different types of walls and windows
presenting their average life-cycle costs. If a designer is obliged to use roof type 1,
he can then check the first area for the least life-cycle cost scenario which would
show that the optimum design will be reached by of using wall type 7 and window
type 1. If the designer is obliged to use roof type 2, he can then compare to the
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second area where the least life-cycle cost scenario would result in using wall type
4 and window type 1.If the designer is obliged to use roof type 3, he can then
compare to the third area where the least life-cycle cost scenario would result in
using wall type 3 and window type 1. Finally, If the designer is obliged to use roof
type 4, he can then compare to the fourth area where the least life-cycle cost
scenario would result in using wall type 2 and window type 1 or wall type3 and
window type 1 which seem to have relatively very close life-cycle costs.
However, if the designer has no constrains, it is apparent that the least life-cycle
cost design would result in using roof type 4, wall type3 and window type 1. It is
worth mentioning that due to space limitation only one wall facade and windows
are considered for elaborating the importance of such figure showing the
integration effect which is so important when it comes to choosing.
B- WALLS
Figure (5-11) could present a tool for designers to choose their optimum
wall type in facade 1 with respect to the life-cycle cost. The x-axis in this figure
represents the same three parameters of the previous one, but with different orderfor ease of comparison of walls together. x-axis is organized as follows: walls
types (last axis), window types (middle axis) and roofs types (top axis),
respectively. The figure is divided into 7 parts, where each one presents a type of
wall ranging from wall type 1 till wall type 7.The part in the most left present’s
wall type 1 while using different types of roofs and windows. If a designer is
obliged to use wall type 1, he can then check the first area and choose the least
life-cycle cost design using window type 1 and roof type 4. If the designer is
obliged to use wall type 2, he can then check the second area and the least life-
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cycle cost design would result in using window type 1 and roof type 3. If the
designer is obliged to use wall type 3,,he can then check the third area and the
least life-cycle cost design would result in using window type 1 and roof type 3. If
the designer is obliged to use wall type 4, he can then check the fourth area and
choose the least life-cycle cost design using window type 1 and roof type 2.If the
designer is obliged to use wall type 5, he can then check the fifth area and the
least life-cycle cost design would result in using window type 1 and roof type 1. If
the designer is obliged to use wall type 6, he can then check the sixth area and
choose the least life-cycle cost design using window type 1 and roof type 4. If the
designer is obliged to use wall type 7, he can then compare to seventh area and the
least life-cycle cost design that would result in using window type 1 and roof type
4. Finally, If the designer has no constrains, it is apparent that least life-cycle cost
design is using wall type 3, roof type3 and window type 1.
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Figure 5-10: Comparative Analysis of Roof Types with Walls and Windows Types
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Figure 5-11:Comparative Analysis of Wall (facade1) Types with Roof and Windows Types
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Figure 5-12: Comparative Analysis of Window (façade 1) Types with Roof and Walls types
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5.00

C- WINDOWS
The same framework is applied to windows. Figure(5-12) could present a
tool for designers to choose their optimum windows type in facade 1 with respect
to life-cycle cost. The x-axis represents the same three parameters of the previous
figures but with different order for ease of comparison of windows. The x- axis is
organized as follows: the roof types (top axis), wall types (middle axis) and
windows types (bottom axis). The Figure is divided to 5 parts where each one
presents a type of window ranging from window type 1 to window type 5. The
part in the most left presents window type 1 while using different types of roofs
and walls. If a designer is obliged to use window type 1, he can then check the
first area with the least life-cycle cost design which would result in using wall
type 3 and roof type 3. If the designer is obliged to use window type 2, he can then
check the second area and the least life-cycle cost design would be using wall type
1 and roof type 2. If the designer is obliged to use window type 3, he can then
check the third area and the least life-cycle cost design is wall type7 and roof type
2. If the designer is obliged to use window type 4, he can then compare to fourth
area and the least life-cycle cost design would result in using wall type 6 and roof
type 2. If the designer is obliged to use window type5, he can then check the fifth
area and the least life-cycle cost design would be wall type 1 and window type 2.
If the designer has no constrains, it is apparent that least life-cycle cost would
result in using window type1, wall type 3 and roof type 3.
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5.3MODEL VALIDATION
The (EDIT) model has to ensure the following for its validation and verification:
1. Model Calculations Correctness
2. Model Quality:


Model usefulness to its users



Model output comprehensiveness



Model output quality (quantitatively and qualitatively)



Users overall satisfaction with (EDIT) model

1- MODEL CALCULATIONS
In order to verify that the model is working correctly and that its
calculations are correct, two procedures were done: First an application is solved
by mathematical calculations using same framework and principles. The solved
example/case study shows the same results of the (EDIT) model. It can be
concluded that the model works in the approved manner and all formulas are
correct. Solved case study is attached in Appendix A.
2- MODEL QUALITY
It is important to ensure that that the model is useful, comprehensive, user
friendly, satisfactory, of high quality and needed by investors and design
professionals. Two surveys were conducted and distributed to 11 professionals
ranging from design consultants to investors for validation and verification of the
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model. The survey was distributed to four chairmen of large scale investment
firms, two(middle-large) scale construction investment owners, three design
consultants and two architects. Professional experiences were chosen to range
from 8 – 30 years in Egypt. The professionals were asked to use the model and
apply it to their projects (being understudy or built) and then fill the survey. The
two surveys are available in Appendix B. The summary of the responses of
consultants is presented in Table (5-3), and investors in Table (5-4)

Question

C1

C2

C3

At First design stages, how much do you think that (EDIT)
could serve as an important engine for green buildings
design optimization?

5

5

4

After using (EDIIT), what level of difficulty can you rate it?

4

3

4

Were you able to follow (EDIT) stream of information and
surf through its windows easily?

4

4

Do you think (EDIT) is flexible enough to adapt to other
projects?

4

Do you think that the output level is satisfactory for first
design stages?

C4 C5

AVG

Table 5- 3: Analysis of Consultants Validation Responses

(1 =Least, 5 =Most)
5

4.6

5

4

4

4

5

4

4.2

4

3

5

4

4

5

5

5

5

5

5

To what level are you satisfied with output quality
quantitatively?

4

3

5

5

4

4.2

To what level are you satisfied with output quality
qualitatively?

5

5

4

5

5

4.8
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4

Table 5-4: Analysis of Investors Validation Responses

I1

I2

I3

I4

I5

I6

After displaying (EDIIT) and showing its capabilities, how
much can you rate your need to such framework before you
invest your money in the construction industry?

5

5

3

5

4

5

4.5

At First design stages, how much do you think that (EDIT)
could serve as an important engine for green buildings
design optimization

4

5

4

5

4

5

4.5

Can you rate your satisfaction with the economic analysis
offered by (EDIT)

4

5

3

5

4

5

4.3

To what degree can you claim that (EDIT) motivated you to
investing in green/sustainable construction

5

5

4

4

4

3

4.1

AVG

Question
(1 =Least, 5 =Most)

Table (5-3) and (5-4) show that the consultants and investors responses
regarding (EDIT) model are very promising. The outcome of validation process
assures the ease of use and flexibility of proposed design tool (EDIT). Moreover,
it shows its ability to perform as a stimulator for both designers and investors to
adopt green building design approaches. It also attests to the output level
qualitatively and quantitatively. Finally, it can be concluded that the (EDIT)
model and the developed framework help in improving the confidence of potential
investors interested in green buildings in Egypt.
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5.4SUMMARY
This chapter discussed a case study application of a building in Cairo using
(EDIT) model. The model followed the proposed approach discussed in the
previous chapters. It worked on obtaining the best available building design for
the considered building exterior walls, windows, roof and orientation at least lifecycle costs considering green approaches. Further analysis was incorporated as
comparative analysis between the green and traditional designs showing the
superiority of green design economically. Sensitivity analysis was conducted
showing the effect of energy costs change on the three parameters: payback
period, life-cycle costs and design change. Simulation was also performed to get
the effect of life-cycle costs, energy costs and initial costs on design selection.
Finally, validation and verification of the model (EDIT) took place through solved
example and distributed surveys to construction industry professionals
(consultants and investors).
Next chapter will be an overview of this research, recommendations to
future work and finally the conclusion.
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CHAPTER 6
Conclusions and
Recommendations

115

CHAPTER6: CONCLUSIONS AND RECOMMENDATIONS
6.1 CONCLUSIONS
With the world heading towards sustainability to meet current and future
challenges, green buildings have become an inevitable and worthwhile choice.
While green building research has been lately more prevalent, it has faced certain
limitations. On the other hand, green assessment tools have been received by
many design professionals as being overly complex and expensive. This research
has developed an integrated green building design framework with optimization
features to provide a green building envelope design and the least available lifecycle costs. The proposed framework was applied to a prototype (EDIT). A case
study was then implemented and the following results were found. For a medium
sized building located in Cairo-Egypt, the optimum available design with least
life-cycle cost would be to direct the building towards the North while
maximizing walls and roof insulation. Such green design was compared to
traditional design of lowest initial costs and no green considerations. The analysis
showed life-cycle savings of 16.5 %, initial cost increase of only 5.4% and a
compounded payback period of just 3 years.
Furthermore, sensitivity analysis was performed to show the effect of
electricity prices change on: life-cycle savings, payback period and change of
design. Two figures were developed showing the relationship between change in
electricity prices, payback period and energy savings. The first figure showed the
decrease of simple payback period from 2 years at current electricity costs to 1.22
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years, if it tripled. The second figure showed the increase of percentage savings of
life-cycle costs to reach 31.7 %, if electricity prices reached its triple. Finally, it is
proved that if the electricity prices increased more than 30%, the building design
would changes for more thermal resistance types of walls, roof and windows.
Another analysis was done through building designs simulation to produce
two figures. The first figure showed a tradeoff between initial costs and electricity
costs of different design scenarios. A Pareto front line indicated several design
scenarios that acquired relative less initial and electricity costs. The other figure
represented the relationship between initial, life-cycle costs and electricity costs of
different design scenarios. The figure showed that at same initial cost, the user
could end up with different electricity costs, and ultimately different life-cycle
costs. On the other hand, the figure can reveal the different investment options for
the owner at a certain life-cycle cost. Other figures were also developed for walls,
roof and windows optimum available design scenario selection based on their
average life-cycle costs.
This research has emphasized on costs savings as it is considered a main
stimulator to investors and design professionals to start adopting such technique.
The research shows that green/ sustainable buildings design has economic benefits
to investors since adopting green approaches leads to more energy savings, less
payback periods and consequently more life-cycle savings. The research has
structured a green building design tool to aid design professionals to select
customized optimum available green building envelope design with least life cycle
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costs. The proposed framework could be perceived as a platform to introduce
more sustainability concerns in green buildings design.

6.2RECOMMENDATIONS
This thesis opens the door to more research areas and considerations. The
following are some considerations that are hoped to be integrated in future work
and research:
 Sustainable Considerations
If more sustainable parameters would be assessed as embodied energy,
carbon footprint, recycling…etc., it would add greatly to the value of the work. It
would raise environmental awareness along with the costs promotion. Moreover,
if environmental benefits would be considered as non-tangible costs and assessed
showing the effect of green construction on Egyptian people as their productivity,
internal health, mental integrity, performance, happiness…etc., this would open
the door to new research on green building benefits, and sustainability would be
further promoted.
 Building Analysis
In this research buildings envelope components were only considered due
to their most contributions to heat gain/loss that mostly affects building thermal
and economic performance. However, other components as interior walls,
ceilings, doors, presence of equipment....etc. can be considered showing their
effect on final results. Also, other assessments as thermal body mass, internal
lighting …etc. would add value to the research if being considered and presented.
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Finally, the prototype developed (EDIT) could be more developed to accept
buildings design of different and irregular geometric shapes.
 Life-cycle Costs
More costs for the building could be further included to the costs
assessment such as water, artificial lighting, equipment and building residual
values.
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APPENDIX A: SOLVED EXAMPLE
(1) USER GIVEN INFORMATION

•

Building Length = 20 m.

•

Building Width =12.5 m

•

Height of floor= 3 m.

•

No. of floors = 1

•

Location = Cairo

•

Windows area in facade 1 :30%

•

Windows area in facade 2 :20%

•

Windows area in facade 3 :30%

•

Windows area in facade 4 :20%

•

Net glass area = 80% of windows area

•

Preferred interior temperature in summer = 21

•

Preferred interior temperature in winter = 21

•

Analysis lifetime = 30 years
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(2) MODEL OPTIMUM DESIGN (OUTPUT)
Level

Building

Optimum Green Design
The building faces (North- South)

Façade 3
Façade 2

Façade 4

North

Façade 1

Good daylight

Daylight index
Systems Level

Building material

Insulation

Wall facade 1

Dense double brick layer + interior and

Rice straw blanket

exterior plastering

(25 mm)

Dense double brick layer + interior and

Rice straw blanket

exterior plastering

(25 mm)

Dense double brick layer + interior and

Rice straw blanket

exterior plastering

(25 mm)

Dense double brick layer + interior and

Rice straw blanket

exterior plastering

(25 mm)

Reinforced Concrete + interior and

rice straw blanket

exterior plastering

(25 mm)

Wall facade 2

Wall facade 3

Wall facade 4

Roof
Windows facade

Single glazed windows

Windows facade

Single glazed windows

Windows facade

Single glazed windows

Windows facade

Single glazed windows
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(3) SOLUTION:
3.1 THERMAL ANALYSIS
A- WALLS
Wall type in facade 1, 2, 3, and 4 is wall Type 7: Dense brick +interior plaster
+rice straw+ external plaster
•

R= 0.17+0.05+0.74+0.05= 1.01

•

R air= 0.18

•

R Total=1.19

•

Q wall-summer = UΔT=

•

Q wall-winter = UΔT=

Wall
orientation

Awall

Wall
facade 1

20*3= 60
m2

Wall
facade 2

(37.10−21)
1.19

(21−9.32)
1.19

= 13.5

= 9.8

A window

A wall
net

Q summer
(UAΔT)

Qwinter
(UAΔT)

18

42

13.5*42= 567

9.8*42=411.6

12.5*3=37
m2

7.5

30

13.5*30=405

9.8*30=294

Wall
facade 3

20*3= 60
m2

18

42

13.5*42= 567

9.8*42=411.6

Wall
facade 4

12.5*3=37
m2

75

30

13.5*30=405

9.8*30=294

1944 watt

1411.2watt

Total
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B- WINDOWS
•

Windows type in facade 1, 2, 3,and 4 is window Type 1= Single glazed

•

R Total = 0.17+0.05+0.74+0.05= 1.01

•

U summer = 5.56

•

U winter= 6.02

•

SC=1.00

•

GT= 0.7

•

Q window-summer = UΔT= 5.56*16.1 = 89.518

•

Q window-winter = UΔT= 6.02*11.68 = 70.313
Window
orientation

Q summer (UAΔT)

Q winter(UAΔT)

Window facade 1

1611.3

1265.634

Window facade 2

671.3

527.3475

Window facade 3

1611.3

1265.634

Window facade 4

671.3

527.3475

Total

4565.2

3585.96

-Heat Gain due to Solar Radiation (HGSR) = SHGF*SC*CLF*A
SUMMER
Window
orientation

Facade
facing

A

SHGF

SC

CLF

HGSR

window(net)

Window facade
1

South

14.4

152.5

1

0.83

1822.68

Window facade
2

East

6

681.05

1

0.8

3269.04

summer summer summer
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Window facade
3

North

14.4

118.4

1

0.91

1551.5

Window facade
4

West

6

681.05

1

0.8

3269.04

Total

99112.26

Winter
Window
orientation

Facade
facing

A

SHGF

SC

CLF

window(net)

Window facade 1

South

Window facade 2

winter

winter

winter

14.4

127

1

0.83

1517.9

East

6

599.78

1

0.8

2878.9

Window facade 3

North

14.4

83.81

1

0.91

1098.2

Window facade 4

West

6

599.78

1

0.8

2878.9

Total

HGSR

8374

C- ROOF
•

Roof type 4 = Reinforced concrete +interior plaster+ Rice straw+ exterior
plaster

•

R Total =0.08+0.05+0.05+0.74+0.92+0.15 = 1.07

•

Q Roof-summer = UAΔT= 1.076 *250*16.1= 3740 watt

•

1

1

Q Roof-winter = UAΔT= 1.076 *250*16.1= 2728.9 watt

3.2 ENERGY DEMAND
•

Therefore total Q Total-summer of all systems (walls/windows/Roof) =
20,167.10 watt
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•

Therefore total Q Total-winter of all systems (walls/windows/Roof) =
663.91watt

•

Assuming: Summer months in Egypt = 7 month

•

Total Number of days in summer = 7*30=210 days

•

Total Number of days in winter = 365= 155 days

•

Assumed C.O.P= 3.00 in summer and 4 in winter

•

E. demand (summer) = Q Total-summer /C.O.P= 6722.37 watt

•

E-demand (winter) = 165.98 watt

•

Total E-demand per year = 6888.34 watt
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3.3 COSTS
A-ELECTRICIRT COSTS
•

Assuming average operating hours per day = 8 hours

•

Electricity Price /Kilo watt consumption/month = 0.48 EGP

•

Electricity costs/ year =
(0.48* 6722.33*8.00*210) + (0.48*165.98*8.00*155) =5519,6 EGP/ year

•

Average Electricity costs/ month= 459 EGP /month
B- INITIAL and RECURRING COSTS
i-

WALLS

•

Initial Costs of walls: 120+20+10+30=190 EGP/m2

•

Maintenance cost= 0

•

Replacement costs (exterior and interior plastering lifetime = 10 years)

Wall
orientation

Initial Costs

Replacement
costs (n=10
years)

Present Worth of
replacement years
(i=26%)

Wall facade 1

42*190= 7980

50*42= 2100

22228.968.96

Wall facade 2

30*190=5700

50*30= 1500

163.54

Wall facade 3

42*190= 7980

50*42= 2100

228.96

Wall facade 4

30*190=5700

50*30= 1500

163.54

Total Costs

27360 EGP

7200 le

785.00
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ii-

WINDOWS

Wall orientation

Initial Costs

Maintenance
costs/year

Present Worth of
replacement years

Window facade 1

450*18 = 8100

45*18 = 810

883.13

Window facade 2

450*7.5= 3375

45*7.5 = 337.5

367.97

Window facade 3

450*18 = 8100

45*18 = 810

883.13

Window facade 4

450*7.5= 3375

45*7.5 = 337.5

367.97

Total costs

22950

2295

2502.20

iii-

ROOF

Initial costs= 1920*250 = 48,000 EGP
•

Therefore Total initial costs of all systems = 98310 EGP

•

Total Maintenance costs of all systems =2295.00 EGP/year

•

Present Worth of Maintenance, Electricity and Replacement Costs =
34,683 EGP

•

Total Life-cycle Cost of system (30 years lifetime) = 132,993.07 EGP

3.4 DAYLIGHTING
• Building divided to 9 equal spaces,
•

Maintenance Factor = 0.8

•

NI = I x VF X A%glass x GT x MF
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Wall orientation

A

View

windowglass

1
308.6

GT

I

NI

Factor

(net)

VF

Window facade 1

4.8

0.02

0.7

290.6

290.6

Window facade 2

2

0.02

0.7

301.4

301.4

Window facade 3

4.8

0.02

0.7

247.8

247.8

Window facade 4

2

0.02

0.7

326.6

326.6

2
290.6

1

2

3

4

5

6

7

8

9

DAYLIGHT PER SPACE (LUX)
3
4
5
6
7
296.0 301.4 0.00
326.6
269.2
AVERAGE DAYLIGHT
257.25 LUX
DAYLIGHT INDEX
3
PRESENTATION
(GOOD DAYLIGHTING)
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8
247.9

9
274.6

APPENDIX B: (EDIT) MODEL SURVEYS
Dear Sir/Madam
Attached is a survey conducted by myself ENG/Minass Assaad a post graduate
student in the school of science and engineering at the American university in
Cairo. This survey is about a model called Easy Design Integrated Tool (EDIT)
which constitutes a part of my master’s thesis research titled “towards promoting
sustainable construction in Egypt: A life-cycle cost approach”. The model
presents a framework for consultants/engineers to use at conceptual design phase
to reach an optimum green building design in terms of orientation, envelope walls,
roof and windows with least life-cycle costs. From your expertise as
consultant/investor your opinion about the model in terms of its usefulness, ease
of using, comprehensiveness, quality and overall satisfaction is of great value to
its validation and verification. A 10-15 minutes presentation would be done about
the model (how to use it, its input information, output results and analysis
capabilities). Afterwards you are required to impartially fill this survey
Thank you for your time and great cooperation
Best Regards;

Minass Assaad
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SURVEY (Consultants)
1- To which extent are you interested in sustainable building?
(1 is min., 5 is max.)5

1

2

3

4

5

2- How do you conceive green buildings as being expensive?
(1 is least expensive, 5 is most expensive)

1

2

3

4

5

3- Have you used any green/sustainable building design tools?
a) YES

b) No

4- If yes how much complex (Time and effort) do you conceive them, if No state
your reasons?
(1 is least complex, 5 is most complex)

1

2

3

4

5

5- At First design stages, how much do you think that (EDIT) could serve as an
important engine for green buildings design optimization?
(1 is least important, 5 is most important)

1

2

3

4

5

6- After using (EDIIT), what level of difficulty can you rate it?
(1isleast difficult, 5 is most difficult)

1

2

3

4
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5

7- Were you able to follow (EDIT) stream of information and surf through its
windows easily?
(1is least difficult, 5= most difficult)

1

2

3

4

5

8- Do you think (EDIT) is flexible enough to adapt to other projects?
(1is least flexible, 5 is most inflexible)

1

2

3

4

5

9- Do you think that the output level is satisfactory for first design stages?
(1= least satisfactory, 5= most satisfactory)

1

2

3

4

5

10- To what level are you satisfied with output quality quantitatively?
(1= least satisfactory, 5= most satisfactory)

1

2

3

4

5

11- To what level are you satisfied with output quality qualitatively?
(1= least satisfactory, 5= most satisfactory)

1

2

3

4

5

12- Do you have any more suggestions for (EDIT)?

SURVEY (investors)

137

1- To which extent are you interested in sustainable building?
(1 is min., 5 is max.)

1

2

3

4

5

2- How do you conceive green buildings as being expensive?
(1 is least expensive, 5 is most expensive)

1

2

3

4

5

3- After displaying (EDIIT) and showing its capabilities, how much can you
rate your need to such framework before you invest your money in the
construction industry?
(1 is least needed, 5 is most needed)

1

2

3

4

5

4- At First design stages, how much do you think that (EDIT) could serve as an
important engine for green buildings design optimization?
(1 is least important, 5 is most important)

1

2

3

4

5

5- Can you rate your satisfaction with the economic analysis offered by (EDIT)?
(1isleast satisfactory, 5 is most satisfactory)

1

2

3

4

5

6- To what degree can you claim that (EDIT) motivated you to investing in
green/sustainable construction?
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(1is least motivating, 5= most motivating)

1

2

3

4

5

7- Based on your expertise and opinion in construction industry investment,
how much do you believe that investment in Egypt is ready for green
approaches?
(1is least ready, 5 is most ready)

1

2

3

4

5

8- In your point of view do you think profit, environmental considerations or
both are the most intriguing factors for investors and rate?
(1is profit only, 5 is environmental considerations only and 2-4 represent
scale of importance with respect to 1 and 5)
Profit 2P:1E 1P:1E1P:2E Environmental considerations

1
9-

2

3

4

5

Do you have any more suggestions for (EDIT)?
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